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Figure 5 - Toward the innermost Inver of the 
corium, the elastic fibers exhibit distinct to 
complete rarefaction, fragmentation and dis¬ 
integration (elastic fiber staining). 


instance, at rest), and carried out a cold-exposure test of the arcs. In 
the case of the latter test, the lower arcs of the patients were placed for 
15 minutes under running tap water and the rev/arming tine was then determined. 

In five patients, who exhibited acroosteolysis and sclerodema-lihe changes, 
we carried out bilateral arn-hand arteriography using the transferor:; 1 appro¬ 
ach (Priv.-Doz. Dr. Betz, Institute of Radiology of the University; Professor 
P. Thurn, M.D., Director). Two other patients, because of the presence of 
Raynaud’s phenomenon, were subjected to arteriography (in the one case by .10. 

direct puncture of the brachial artery, and in the other one by using the 
transfenoral approach) in another hospital (Professor Dr. Ochuessel and 
Professor Dr. Schobcr, Sicgburg City Hospital). 

A capillary-microscopic examination of the finger-nail mantle (poricn- 
ychiuu) was carried out in four* patients; in each instance, the fourth finger 
of the left hand was subjected to that examination. 


• % . 
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-Considering the possibility of the existence of generalised engio- 
-, n +y, v a n o.vticntc wore subjected to examination of the eye-ground, and 

c* w. » % r j * • 

four patients ’.Tore subjected to ophthaluodynnnonctric examination (Ophthalmic 

Hospital, Professor V/. Straub, K.D., Director; Bonn University). 

Finally wo have measured the blood pressure of all patients (rccLmr.p). 

In six patients we found that the skin temperature on the hands v/as 

markedly reduced (up to 10°C below tho 4 normal value). In the cold-exposure 

test, rtwniv.ing tine was prolcngcd in nine patients (up to 60 nimit.es), 

Raynaud 1 s phenomenon could be induced in four oi these patien.s, •■.•.th .ne 

phenomenon involving cither individual fingers or all of then. 

Oscillographic and piethysmographic investigations yielded no findings 

indicating decreased blood circulation in tne extremi 

t: in or changes wore found to exist on the finger arteries in the fom 

of slight narrowing ar.d constriction of the vessel lumina cf the crtcriae 

digitales 

digitalcs palmares propriae end of the artcriae A palmares cce.munes* In ioO- 
lated instances we found furthermore stenoses localised in segments. In one 
advance i case v/e were able to ©staolish already dclnycu xillin^ oi 
finger arteries. Almost all of these arteries e:<hibited diffuse and rela¬ 
tively uniform constriction. Severe stenoses to complete occlusions were 
found by us in the region of the. basal and middle phalanges above all in 
fingers exhibiting ncroostcolytic changes, while the other ones shewed a 
distinctly more densely arranged vascular net. The vascular net, in fact, 
appeared to be particularly dense in the terminal linger phalanges m *hc 
ncroostcolytic regions. Since the substance defect associated with aero- 
osteolysis results .in a shortening of the terminal finger phalanges, wc are 
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here probably dealing v,i tn a n effect caused by compression of the nrtcric; 
located in tnose regions. In patients exhibiting marked changes of this 
type, v/c found that the filling time of the finger arteries v.no clcerly 
prolonged. Che perfused finger arteries wore highly constricted, and the 
lurnr.a, in part, were obscured right to the periphery; collateral /vessels 


could not be detected. In these cases, v/e found—in .addition to Levcrc 
stenoses segmental occlusions of the finger arteries or even complete ab¬ 
sence of filling of the arteries along the entire length of the respective 
fingers. The arteries of the palmar arches also exhibited constricted lumir.a, 
end the side branches could not bo detected to different extents. The vas¬ 
cular changes described above did not reveal a definite correlation to either 
the number or the extent of the ncroosteolytic processes. However, in the 
case of the fingers showing no acroosteolysis, v/e found that the vascular 
changes, on tne wnole, were less marked. 

In the case of the two patients (Raynaud 1 s phenomenon present without 
acroosteolysis), in whom, artoricgraphic arm examinations were carried out 
m another hospital, the findings revealed the presence of constricted radial 
and ulnar arteries on both sides. The finger arteries, in part, were highly 
constricted, segmented or, in fact, completely occluded, with the middle 
and terminal phalanges being supplied with blood to an inadequate extent. 

The findings obtained in the right hand were more marked in character than 
those obtained in the left hand of a given patient. The arteriography of 
the left arm of the other patient [the authors actually do not state that 
the last few lines apply only to one of these two patients; Trnnsl.] (trnns- 
fcmo.nl nppx^och) revealed occlusion of the interosseous nrtery three 
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fingers' breadth proximal of the wrist. The arteries of the hnnd, on the 
whole, were considerably constricted, with .the radial end uln-r arteries 
exhibiting strikingly constricted iunir.a. A detailed description of the 
cngiographic investigations carried out is being prepared for publication. 

Capri1cry-microsoopic ex-agination of the nail mantle revo.nlcd in all 
four patior.cs investigated the existence of ampulla-like dilatations of 
the capillary loops of the type described in cases of Raynaud’s syndrome . 
(20). This particular finding was obtained in patients" who, in fact, did 
exhibit clinical signs oi disturbance of circulation, but no features of 
Raynaud 1 s syndrome. • 

In two patients , the fundus of the eye exhibited increased r.eanderir.'■ 
of the vessels; in a third one, it revealed the existence of a hypertonic 
state (blood pressure 145/G5 urn Hg); and in a fourth one, it showed a dis¬ 
tinct constriction of the arteries with slightly choked veins. The remaining 
six patients revealed no pathological findings on fundus examination. The 
ophthalnodyncmonetric examinations yielded pathological findings in two 
patients, Ono of then, in the reclining position, exhibited a tendency toward 
intracranial vascular spasms, while the other cne exhibited an increase of 
intracranial vascular resistance. 

The blood pressure was normal in nine patients (the systolic pressure 
Yaiying between 100 and 1 4 \j nm Hg, and the diastolic treasure varying bee — 
ween oO and cp cm 3:gJ • Cne patient exnibitcd slightly hypertonic values 
between lfO /33 and 143/103 cm Hg. 

V/c then realize that circulatory disturbances of the hands have re¬ 
presented a frequent symptom among the individuals investigated. The most 
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Thu root pronounced degree of these disturbances is reflected in Raynaud's 
phenomenon. Peur patients, who clinically did not exhibit Raynaud '3 symptoms, 
did, however, yield pathological capillary-macroscopic findings of the type 
described in cases c Raynaud' 3 syndrome. The ccrrespcnding compalints 
voiced by the patients can be demonstrated by clinical means both by deter- 

4 

mining the rewarming time after exposure to coldness and by measuring the 
skin temperature after adaptation of the patient to room temperature. 

The finding of norr.il oscillograms and plethysmograms in all our cases 
v/ould appear to indicate that the cause of the reported complaints does not 
have to be looked for in the region of the large arm arteries. In fact, 
the arteriograms have revealed changes, in particular, in both the finger 
and hand arteries. Tnese changes correspond to those observed in cases of 
Raynaud's syndrome of varying genesis (l9), but the changes observed in our 
patients '.Tore considerably less distinctly pronounced than in cases of pro¬ 
gressive systemic sclerosis. To the extent that we, on the basis of the 
small number of patients investigated so far, are able to assess the overall 
situation, it appears that there exists a positive correlation between the 
length 01 exposure to vinyl chloride and the extent of the angiographic find¬ 
ings. for instance, the must severe changes were observed in a patient, who 
had been exposed to the noxious agent for more than eleven years. 

The cye-iundus findings obtained in six patients were not pathologi¬ 
cal in character; those obtained in the other four cannot be subjected to 
nny kind of uniform interpretation. 

The findings obtained by ophthalmodymmonctric means revealed the 
existence of intracranial spasms ;md intracranial vascular resistance, 
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respectively, in two of the four patients investigated in that respect; 
thiy would then indicate that vascular changes of the type described in 
the case of the extremities take place also in the region of the brain. 


5. F.ocr.tner.oioaical invent:!"nticr.s 


Roentgenograms were obtained from all patients of the facial part or 

* 

the s’rull, of the chest, end of the upa-r and lower extremities as well rd 
of the shoulder and pelvic girdles. The pathological findings obtained 

are presented in Table 3» • • . 

The most striking changes—which hitherto have also boon pointed out 
as the main symptom of 'occupational acroosteolysis*—were found in the 
hands cf our patients: The hands of six patients exhibited typical stripe- 
or band-like osteolyses in the terminal finger phalanges; in a few cases, 
v/e found that the processus unguiculnris separated from the bone by the 
osteolytic process exhibited fragmentation in addition to the former changes 
(Figure 6). That type of fragmentation v;as observed chiefly in fingers one 
to three of both hands. Six patients exhibited o’ eou3 defects along the 
margins of the processus ur.guiculnrcs, and five, a diifuse atrophy Oj. the 
hand bones. All terminal phalanges affected by the osteolytic process were 
shortened. Cne patient exhibited no ncroosteclysis, but did snow a dis^i:.c» 
mushroom-like distension of the processus unguiculnris, widening oi the 
shaft (dinphycis) and shortening of the terminal finger phalanges. Purtr.c-r- 
morc there existed zones of condensation at the transition between the pro¬ 
cessus unguiculnris and the shaft. The foot bones exhibited in four patients 
non-specific changes, like atrophy and miner marginal defects at the 


. 12 . 





20 - 


Table 3 - Osseous eh :nges found in ten patients suffering fren the co-cnllcd 
vinyl chloride dicer.cc. Y. cv: 1, Case ”o.; 2, ?aticnt; 3, Karri bones; 4, Test 
bonce; 3, Other bones; 6, Osteoporosis (atrophy); 7, marginal defects (iro- 
ecssus unguicularis); C, hand-like osteolyses; 9, Arthritis; 10, 03teocysts; 
11, Total. 
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processus ur.guicularis; in one case, the foot bones exhibited a typical 
marginal separation of the processus ur.guiculares of both big toes. Tne 
iliosacrcl points of four patients exhibited indistinct outlines and sclero- 
sal indurations. In five patients, we found numerous translucent, i.e. cystic 
areas in the regions of the head of the humerus and of the styloid process 
of the ulna. In addition to these patients, v/e have subjected to evaluation 
skeletal roentgenograms of 72 other I“VC workers. In that evaluation v.e 
in three cases osseous atrophy or osteoporosis, respectively, and in five- 
coses minor marginal defects on individual processus unguicularcc. A de¬ 
tailed presentation and discussion of these roentgenological skeletal chnn- 

i.mc r./.v. 

geo YD-li"'be published elsewhere (32). 

Dond-likc osteolyses have been described by a great number of authors 
in the case of i’VC workers (5; 7; 9; 10; 16; 36). The impressive picture 
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Pif-urc 6 - 3ar.d-like osteolysis of the terminal phalanges of finders 1 to 3 

of tToTh hands, and areas cf cystic translucorce in the terminal 

the region cf the processus unguicularis of the fourth finger oi tr.e- --- - r^aa. 

produced by those particular chancre has given this disease its name in t.ae 
Anglo-American literature. Acroosteolysis has been described furthermore 
in numerous other diseases. Acroosteolysis occurs, for instance, in cases .U 
of familial osteolysis, dactylolysis spontanea (Ainhun), mutilating leprosy, 
syringomyelia, mutilating arthritis psoriatica, and in the ncrocstoolysis 
described by Von Harnasch. In the present connection, v/c arc, however, per¬ 
mitted to neglect the latter conditions and diseases fron the point of 
view of differential diagnosis (51; 32). "Although band-like acroosteolysis 
has been described also in cases of progressive systemic sclerosis (?), 
differentiation between the latter disease and the disease under consider¬ 
ation is possible in an unequivocal manner (31)• 
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'Data arc available in the pertinent literature also on the afore¬ 
mentioned defects along the bone car "in a, th.c osteoporosis, and the sclcr- 
osal indurations of the ileoc-acral joints (10; 16). The question whether 
the otri!u.ng frequency of cystic degeneration of osseous substance apparent 
in our patient collective in characteristic for the syndrome under consi¬ 
deration cannot be Towered in any definite manner because of the relatively 
small number of patients investigated.*A certain indication regarding the 
reversibility of acroosteolytic processes is found in -the history of one 
of our patients followed for more than ten years, which history has already 
been published and discussed by us (23; 3l)* On the basis of that patient's 
history, it appears that the osteolytic process progresses in the terminal 
finger phalanges from distal to proximal. At the sane time we see both a 
partial formation of osser-s substance in the region of the processus ur.gui- 
culares and a fusion of the "fracture pieces," The terminal finger phalanges 
remain shortened, and full recovery does not take place. 


4. The hcnatorciotic system, and blood clotting 

The following tests and counts were carried out in all patients: Hemo- 
globin, hemoglobin 2, erythrocytes, reticulocytes, leukocytes, differential, 
thrombocytes, and congulogram (institute of Jhcperimcntal Hematology and 
Blood Transfusion Services; Professor .*!. Hgli, !J.D., Director). 

The red blood cour.t3 yielded no pathological findings. Seven patients 
exhibited a mild reticulocytosic between 1.6 and 2.6 per cent. In four pat¬ 
ients the leukocyte number was at the lower limit of the normal range (i.c. 
between 3200 and 3950 lcukocytes/cu. mm.). The differential blood count 
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v:n3 modified m a definitely pathological manner in none of our patients. 
Examinations of the bone marrow did not yield signs indicating lesion of 
the hematopoietic oyster.; in particular, the examinations did not reveal 
any signs indicative for osteorvcloscleroois or osteomyelofibrosis, 

jl Coytw wJ.VCJLy • 

All ten patients exhibited n diotinct thpobocytopenia. The thrombo- 
cyte (or blood platelet) values were repeatedly found between 62,COO and 
119,OOO/cu.mm., with the lower limit of the normal value being 150,0C0/cu. mm. 

Determinations of the plasma clotting factors yielded mostly normal 
values. In one patient we found that Factor VII was slightly decreased and 
Factor X was moderately decreased. 

The most striking finding obtained in this set of tests and examina¬ 
tions was that the thrombocyte count was decreased in all cur patients. The 
completely normal bone marrow findings had given no indication for a dis- 
turbance of thrombocytopoiesis. The thrombocytopenic established in these 
patients, thus, must be attributed-at least, in part-to the splenomegaly 
regularly present in these patients. In correspondence we would be permitted 
.to interprets both the slight reticulocytosis evident in seven patients and 
the indicated leukopenia found in four patients in the sense of hypcrsplcnisa. 
A significant disturbance of the blood clotting mechanism could not be de¬ 
monstrated on tne basis of t’^e tnc^or" ^_ 4 . . . 

* *'" ,g —“ t_ga .iu. 


9. Liver arid nnlccn * • 

In tneir case histories, three of our patients had complained about 
recurrence of dragging and stabbing pains in the left epigastric region; . 15 . 
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one patient reported to have experienced both pain in the right cpif.notrie 
region nr.d sensations of fullne-ss. Pour patients denied any consumption of 
alcohol, while the other patients reported occasional consumption of beer 
r-nd wine. Ho patient had been taking drugs on .a long-term basic. 

In the clinical examination v:e found that no patient exhibited a pal- 
pably enlarged liver; in three patients, "hen placed in right lateral pool- 

4 

tion, v/c were .able to touch the spleen at the level of the left costal arch 
or just below that arch. 

In order to check liver function, we carried out the following lab¬ 
oratory tests: Erythrocyte sedimentation rate, electrophoresis, Talrata [-Am 
test, bromsulphnlcin (BS?) test, serum glutamic oxalacetic transaminase 
(SGOf), serum glutamic pyruvic transaminase (SC-IO), alkaline and acid 
phosphatases, scruu lactic dehydrogenase (LDP.), cholinesterase (ChB), scrum 
bilirubin (both direct and indirect), plasrua clotting factor, serum immunc- 
globulins, and complement fraction SjA. * 

All patients v/ere subjected to roentgenological examinations of the 
stomach and intestines, including the barium meal (institute of Radiology; 
Professor ?. i'hum, li.D., Director), and liver and spleen scintigraphy (Dr. 
Schneider, Institute for Clinical and Experimental nuclear Medicine; Pro¬ 
fessor C. V/inklcr,. i*..D., Director); ana two patients were subjected to 
laparoscopy with directed liver punctures (I'cdinl Out-Patient Hospital, 

Bonn University; Professor /'.easier, M.D., Interim Director). *.Vith the aid 
of roentgenological examination of the esophagus, the stomach and the sr:all 
intestine, it was possible in one patient to demonstrate the presence of 
esophageal variccc. # Thc scintigraphic examinations revealed in seven pnticn 
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a distinctly enlarged spleen; in two patients, a slightly enlarged spleen; 
and only in one patient a spleen of normal size. The liver was enlarged in 
no case. The activity distribution pattern was diffuse in the region of the 
liver in all patients. 

The erythrocyte sedimentation rate was normal in all cases even after 
repeated testing* 

The total senna proteins were normal in seven patients, and their 
electrophoretic diagrams shewed no pathological features. The three renam¬ 
ing patients exhibited a minor decrease of the d globulin fraction (to 5 to 

7 per cent of the total). . 

. The Takata [-Ara] test was normal in all ten patients. Or. tne basi 3 
of the findings obtained with respect to the clotting facrors in the plasma, 
it appeared in nine of these patients that hepatic synthetic activity was 
not restricted. One patient exhibited a slight 'decrease of Factor VII and 
a noderate decrease of Factor X. The cholinesterase exhibited normal acti¬ 
vities in all cases. In nine patients, the serum transaminase values were 
in the upper region of the normal range or were slightly increased, respec¬ 
tively. These values were normal in one patient. Two patients exhibited 
increased acid and alkaline phosphatase values; one of these two at the same 
tine exhibited increased lactic dehydrogenase and direct bilirubin values. 

A striking finding was the one showing that S3? retention—in contrast to 
the aforc-prescntcd relatively minor deviations—was slightly to markedly 
increased. 

The histological examination of the liver biopsy specimens revealed 
in one case a slight periportal fibrosis, and in another one, a minor lcsio: 
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Tab! f <1 - Clinical, biochemical, serological, scintigraphic and histological 
li^r and spleen findings obtninc i in ten patients suffering STora so-called 
vinyl chic ride* disease. il£vj_ 1, :io.; 2, Patient; 3, Splenomegaly (determined 
by scintigraphic moans); , -'so; hr. goal varices; 5, ?i complement A ruction 

(in mg per ICO ml.); Ci, B3? retention (in after 45 nir.utcs) ; 7, daorn 
clotting factors, electrophoresis, bilirubin, nlhaline »*nd r.cxs nhospnir.seo, 
L11I, ChT; 0, Liver biopsy material findings; 9, of total; 10, Slight peri¬ 
portal fibrosis; 11, slight lesion of the liver parenchyma. 
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of the hepatic parenchyma. Ho signs v/ere found indicating either active 
inflammatory processes or cirrhotic transformation of parenchyma. The more 
important findings obtained have been summarized in Table 4. 

On summary consideration of all the findings relating to liver function 
vre arc able to state: The scrum transaminases are almost regularly increased 
in these cases to a slight extent. That finding any be regarded as n sign 


indicating a minor participation of the liver parenchyma in the pathological 
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process under consideration, end this, i» particular, because there were 

no deviations trot, the nomnl values in the electrophoretic restate (apart 

iron a decrease in the 0 globulin levels in s-v-rnl . .u , 

~~'- rn - L pa-ion-s;, m the plaaaa 

clottljjj J.r.ctcrcj in the scru r j cn 2 , '"p'- (l nn+t n a <-,■ ■> 

cn^...c^ UfiCvic denydrc^enace, alkaline and 

acid phospnnt.nses. and ci\olin°st-'"'a^«) —■* a,., .. . .... 

--y, .— j.n vitt. ot-iju 1-ij.j.i-uoin cor.ccn- . 17 , 

tration in debt of our patients. In two patients we detected, as a si£n 
indicating participation of hepatic parenchyma, transitory increases of 
both alkaline and acid phosphatases in one of these two, and increases in 
both ecrur. lactic dchydrofiennse end alkaline phosphatase with weakly posi¬ 
tive scrun oilii-ufcin in the other one. Arsons the laboratory results obtained, 
we find that the noma! albuain-Y-globulin ratios in association with nor- ’ 
nal values for total proteins found in all 'our patients speak n £ ai„st the 

prcseaco of any chronic liver injury as well as against a cirrhotic process. 

Tne hisvol jical findings obtained al^-n ds s r>n+ 

° wa_nca aioo cia not proviae any indication for 

either fatty degeneration or ci^nXc ->— . ■ 

. 0,,1C **ansx craation of parenchyma, since 

the structure of the hepatic parenohyra was found to be entirely r.emal. 

In connection with the other liver function data, we have difficulties 
explaining the noderate increase of 35? retention ar.our.tin S to 12 to 2C per 
cent, which was observed in five of our patients. That retention cannot bo 
explained by the ninor increases of the levels of senna glutaaic cxalaeetic 
cud serun Clutaaic pyruvic tronsaninsses. «ith respect to differential dia¬ 
gnosis we would have to consider a fatty liver or congestion of the eon- 
costiea of the liver. However, clinical indications for the latter pntholo- 
eicol conditions ore nissing in those patients, furthemore, the histological 
findings presently available do not indicate the presence of a fatty liver, 
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and the roentgenological findings do not provide indications suggesting 
connection of the liver due to right hcr.rt. failure. 

BSP excretion provides information on the excretory efficiency of the 
liver cell. However, since the ability of the liver cell to remove that 
dye depends also on liver blood flow, v/c would be justified to come extent 
to thin!: in the case of "co-cnlled vinyl chloride disease* that a decrease 
of liver blood flow caused by the existing periportal fibrosis leads to a 
delayed removal of BSP. 

The—with one exception—regularly found splenomegaly must, in cur 

view, also be considered in close association with the hepatic-alterations. 

« 

Vie have available no indications at all for the existence of splenomegaly 
within the framework of any acute inflammatory disease. One could most 
readily think in the present context of a splenomegaly associated with por¬ 
tal hypertension due to intrahepatic factors, i.e. of a so-called hepatic 
block. On the basis of the histological findings showing the existence of 
periportal fibrosis, we would then be dealing with an intrahepatic, pre- 
sinusoidal block. Measurements of pressure (blocked hepatic-vein pressure 
arid intrasplenic pressure), in fact, have not been carried out in cur 
patients, but the largely not, or at best only slightly, impaired liver 
function as well no the normal structure of the hepatic parenchyma in con¬ 
junction with the absence of cardiac failure speak against, the presence of 
a pootsinusoidal block. Since only one of cur patients exhibited formation 
of hcpatofugnl circulation with development of esophageal varices, we would 
be permitted to assume that the pressure is not significantly increased in 
the portal vein of the other patients. Despite that situation, the changes 
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in the liver could lead to r. prosir.usoidal bloc!; with secondary spleno¬ 
megaly, since there exists no strict correlation between portal pressure 
nnd spleen sine, and since splenomegaly my be present in cases where portal 
hypertension is us yet not present ( 4 ). 

Splenomegaly, in turn, leads to hypcrsplcnism—i.e. a condition where 

the spleen is overnctive in regulating the numbers of blood cells in the 

♦ 

circulation leading to a lack of forced elements in the peripheral blood— 
which is indicated in our patients by an intensificaticn of the existing 
thrombocytopenia, by a tendency to leukopenia nnd, occasionally, by a slight 
reticulocytosis. Cn the basis of the findings presently available, we are 
unable to determine whether this splenomegaly is based originally c n! y on 
a presinusoidal bloc!; or also c:i fibrotic processes in the spleen itself. 


6. J.unes 

In all our patients, we established detailed case histories talcing 
into account their smoking habits, carried out clinical examinations, and 
made roentgenograms of their chest. All ten patients were subjected to 
resting spirometry and whole-body plethysmography, and nine patients were 
subjected to a blood-gas analysis (Professor Schwabc, University Medical 
Hospital; irefessor K.J. Penaler, M.D., director). 

In the course of the clinical examinations, we found in cno patient— 
os evidence indicative for pulmonary emphysema—that the percussion revealed 
n depressed diaphragm, which moved little with respiration. In another 
patient, the chest roentgenogram revealed increased lung markings on both 
sides of the chest and a thickening cf the left hilun. The rccntgcnogra.us of 
the other nine [siefj patients revealed no pathological findings. 
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In the investigation of pulmonary function (spirometry, whole-body 
plethysmography) we found in eight patients signs indicating chiefly re¬ 
strictive changes. 

Ac fm expression of partial insufficiency we fcur.d in five patients a r 

slight to uouc-i-ately severe hypoxemia, with the P values going down to 62 nu 

**» 

Tne existence of partial insufficiency in conjunction with the cpiro- 
graphic findings indicating chiefly restrictive- changes speaks for the pre¬ 
sence of a disturbance of diffusion of the type seen if the early stages of 
diffuse pulmonary fibrosis. There then arises the question whether there 
might exist changes in the pulmonary tissues sii.dlar to those found already 
in the collr.gcnic and elastic fibers of the dermal connective tissue. 

7« Im munological findings 

The following serological investigations have been carried out in all 
our patients: Determinations of the immunoglobulins Ig 3 , IgA, and Igl.! as 
well as of the complement fraction f,A using the technique of radial immuno¬ 
diffusion; testa for antinuclear factors (University kc-dical Hospital; 

Professor H.J. Dengler, K.J)., Director) and L3 [lupus exythcaatosus] cells; 
tests for the presence of CP.P [C-reactive proteinj, streptococcal antibodies 
(ASD [antistreptolysin] titer), rheum factors (latex and V.’nalcr-Hose tests), 
and cold n-gluuir.ins. an addition, we have subjected our patients to both 
the dircc., and the indirect Coombs test and serological tests for syphilis 
(v/nssermnn's test: Complement binding reaction with enrdiolipin, and com¬ 
plement binding reaction with bovine heart extract; flocculation reactions: 
Venereal Disease Research laboratory test, and :.:cinicke's Flocculation Tost II). 
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Ao is' dor.on 3 trr.tcd by the findings presented in Tnblc 4, nil patients 
exhibited deviations in the respective inminoGlobulin fractions: One of the 
patients exhibited rn increased IgG level; three patients, increased IgG .19. 
and Igh levels; tv/o patients, increased IgG, IgA and IgM levels; one, in¬ 
creased and IgG levels; and one, only an increased IgA level. One patient 
exhibited a slight IgA level increase simultaneously with a plight Ig" level 

decrease; in one patient, IgA was decreased. In three patients we found tnat 

lower 

■the complement fraction Pi A was at thc^limit of the normal range; i^ bae 
patient, that fraction was slightly decreased. Antinuclear factors and the 
L'd cell phenomenon could be demonstrated in no case. All other tests carried 
out yielded normal fir.dinGS. 

Since antinuclear factors and L3 cells and positive rheur.a tests were 
obtained in no case under investigation, and since, furthermore, the erythro¬ 
cyte sedimentation rate, the electrophoretic studies and the CP.P test yield¬ 
ed no signs at all indicating the existence of acute inflammation; we would 
be permitted to exclude the presence of an autoimmune disease in our patients. 

The deviations found in the respective immunoglobulin fractions could 
be related most readily to an existing liver parenchyma lesion. The IgA ar-u 
Ig'i values obtained corresponded to the levels we see in patients witn non¬ 
inflammatory fatty liver and inactive or moderately active chronic alcoholic 
hepatitis or cirrhosis (13; 14). On comparison with the latter syndromes, we 
find, however, that the IgG levels found in our patients ore clearly ele¬ 
vated reaching values we also see in active nlcoholic cirrhosis of the liver. 

It would then appear that the changes in the immunoglobulin fractions in 
conjunction with the findings outlined above in the Section dealing witn our 
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liver and spleen findings represent the expression of a chronic, toxic 
liver injury with inflammatory participation of the hepatic r.oscnchyr.n, 
v/j.t!i tnct participation varying in gradual degrees. The lo-.v values found 
in foui' patients for corr.ple:..cnt fraction P X A ai'e worthy of note; however, 
considering the other finding obtained in cur tests, wc arc hardly in n 
position to consider a cohpicment-fixing process in the elucidation of 
cur findings. v: e co-old more readily assume that this particular globulin 
is forced in a less abundant tanner due to the liver parenchyma injuries 
existing in the respective cases (30). 

6. Additional fin dings 

Apart fro- tne laboratory tests already discussed further above, our 
patients were objected to tests for fasting blood glucose, non-protein ni¬ 
trogen, creatinine, uric acid, sodium, potassium, calcium and chloride; urir 
spccir.ens were exaraaned for protein, glucose, bile pigments and pH; and the 

urinary sediment was evaluated. All these tests and examinations yielded 
normal values. 

I'hc results obtained in a detailed neurolocical exnolnntton of these 
patiento will he reported eloowhere in cno course. 


9* ihc so-cnllcd vinvl ch^ do d*i 4 t. A .,x , . 

r.kin chr.r.rec * ciioCc.se without acroostcolycis and clinical 

The clinical and internal findings obtained in the ten patients so 
far subjected to detailed investigation drew our attention to three other 
patients, who, to be cure, exhibited neither clinical skin changes nor 
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acroostcolysis, but whose internal finding nevertheless corresponded to 
q oui'prisir. g extent to the findings obtained in the syndrome presently 
under consideration. 


Case historic:; 

F.‘d. , 52 years old, since 1937 working in the, auLocinve room of a PVC 

factory. Since the early sixties, the patient has been complaining about 

* 

frequent spells of disniness and drowsiness; in more recent years, he has 
. been complaining about a feeling of strong pressure in the epigastric region 

as well as about aversion against fatty foods. - Until about two years 

ago, the patient suffered from a distinct sensitiveness to coldness of the 

fingers and, to a lesser extent, of the feet. - May 16, 1972: Bleed- . 

ing esophageal varices. May 13, 1972: The patient is admitted to the Univer¬ 
sity Surgical Hospital, in Born. The laboratory findings obtained there at 
that time showed: Thrombocytes, 73,000/cc. mm; electrophoresis, no pathol¬ 
ogic findings; slight increase of plasma clotting factors Y, VII, and X. 
Roentgenogrnphic examination: The barium meal revealed esophageal varices 
in both the middle and the lower thirds of the esophagus as well as vnricos 


at the fundus of the stomach. 


Percutaneous splenoportography: Intra- 


hepntic bloc!-:; collateral circulation by way of the coronary vein of the 


stomach. 


June C, 1972: Splenectomy is carried out with institution 


of a spleno-rcnal anastomosis. Liver and spleen findings obtained during 
the course of surgery: The spleen is markedly enlarged; the liver shews a 
slightly uneven surface, but not one corresponding to a typical cirrhosis. 
There .are no distinct signs indicating existence of portal hypertension. 

The pressure is only slightly increased in the omentum, the veins, the liver, 
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ond the spleen. Macroscopic end microscopic findings on the liver [biopsy 
cpccinen] and the spleen (institute of Pathology; Professor i’. Gedigk, 
Director^: Liver: In addition to a minor, circumscribed fatty infiltration, 
there e-Lsts a slight fibrosis of the portal fields; any definite state¬ 
ment regarding the etiology of that fibrosis is no lender possible at 'this 
tine. Tnere exist no signs indicating either a chronic hepatitis or cirrhotic 
transformation of parenchyma. Spleen: The spleen weighs 300 g and measures 

4 

15 by 7 cn. histological examination reveals chronic 'blood congestion in 
the spleen (so-called fibro-adenia of the spleen). Sections through the hilum 
of the spleen reveal a freshly separated thrombus inside of the splenic vein. 
After surgery, the thrombocyte count rose to 540,000/cc. in/ 

Follow-up examinations have been carried out by us since October 5 , 

1972. Thrombocytes, S7,0C0/cc.‘total proteins, electrophoresis, no 
pathological findings; serum transaminases, in the region of the upper nor¬ 
mal values (i.e. SCOT, 17 and 19 CU/nl.j SOFT, 15 mU/nl.); both acid and' 
alkaline pnospratases slightly increased (acid phosphatase, 15 and 12 m’J/ml.; 
alkaline phosphatase, 79 and 85 tiJ/nl.). BS? test, 16.7 per cent retention 
aftc^ /,5 minutes. Serological tests: CHP, weakly positive; IgO, 2960 mg/iCO ml.; 
IgA, 8^0 i.g/103 ml.; IgM, 220 mg/100 ml.; complement fraction ^ A, 95 mg/ 

100 ml. Pulmonary function tests and blood-gas analysis reveal signs indi¬ 
cating moderate restrictive disturbance or ventilation, a moderate pulr.o- 
naiy cmpsy^c-ma, and partial insufficiency, measurements of temperature (arms): 

On both hu.ido, distal of the wrists, there exists a temperature deficit, 

indebted to Trcfessor A. Guetgemann, M.D., Director of the Surgical 
Hospital, lor nn.suig this case history available to us. 
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v/hich amounts to between 4 and 7°C at the terminal finger phalange. 

Histological findings obtained in a biopay -specir.cn taken from the right 
hands Harrowing of the cpidcrais and basophilic degeneration of the colla- 
6 cnic fibers in the upper cerium as a sign of senile degeneration. The 
middle and lower coria exhibit no far-reaching charges in the collageric 
and elastic connective tissues. 

L.M., 51 years old, has been working for eleven years in all rooms ox 
a WO factory, but cleaned autoclaves only rarely. In-1952, the patient went 
to a sanatorium in consequence of cardiac complaints and backaches. At that 
tine, the clinical liver and spleen findings showed non pathological aspects. 
Since I960, the patient has been complaining about increasing paxns m the 
left epigastric region, and spleen enlargement is known to exist since that time. 

In 1969, the patient underwent examinations in the Medical Out-Patient 
Hospital as -/ell as in the Surgical Out-Patient Hospital: Splenomegaly; dis¬ 
turbance of liver function reflected in a B5? retention of 10 per cent r.f -«r 
45 minutes; otherwise, however, the liver values determined in the laooratory 
indicated no pathological processes to be taking place. Among the other lab¬ 
oratory values, only electrophoresis revealed a deviation from tno normal 
values with a moderate increase of the 5 globulins to 15.4 per cent of the 
total. Biopsy material taken by sternal puncture: Mo pathological findings. 
Roentgenological examination of the extremities: Mo signs ir.-icr.°-’-°- 
myelosclerosis. The cr.uses of the existing splenomegaly could not be eluci¬ 
dated. University Surgical Hospital: Intrnhopntic block, probably associated 
with liver parenchyma injury with beginning formation Cooph<- c .-al a., 
pyloric varices (splenoportography; liver and spleen scintigrams). 
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In 1970, the patient was again examined in the Medical Cut-Patient 
Hospital: roentgenological examination revealed that the spleen was more 
enlarged than in 1959; thrombocytopenia with values being between 46,000 and 
01,000 thronbccy tcs/cc. imn.; BOP test: 2.2 per cent retention after 45 Minutes’, 
Vhe remaining laboratory values, including those indicating liver function, 
were within the norm? range. laparoscopy: Pronounced splenomegaly. The 
Diver, on the v.hole, is not enlarged and exhibits a brownich-rcd color. A 
delicate wavy surface relief strikes the eye; that surface represents a some¬ 
what colorful pattern due to capsular fibrosis and distinctly accentuated 
blood-vessel and lynch-vessel markings. Definite signs for parenchymal trans¬ 
formation axe not in evidence. Liver tissue histology: Moderately pronounced 

periportal fibrosis. No statement can be made with respect to the genesis cf 

« 

these findings. 

Esophngoscopy: Beginning esophageal varices. Biopsy Material taken by 
sternal puncture: No pathological findings. 

In October of 1972, the patient was exn;eined in our Hospital: History: 
Continuing pains in the left epigastric region, and this, in particular, 
when bending over and after meals. Spells of diz minces and of staggering 
•,ccur daily and may last for up to 1.5 hours. The peer of hearing has de¬ 
creased. rronour.ced inner restlessness. Clinical findings: Palpation reveals 
that the spleen reaches down almost to the left crest of the ilium. Other¬ 
wise there are no deviations, from the normal findings. Laboratory results: 
Normal red cell count; rcticulocytosis of 1.6 per cent [of erythrocytes]; 
leukopenia with 2550 lcukocytcs/cc. ntn.; normal differential count; thrombo¬ 
cytopenia with 50,000 thrombocytcs/cc. mm. Liver function and chemistry: 
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Totnl proteins, electrophoresis, Tnkatn-Arn test, OGOT, SG?r, nlknline and 
acid phosphatases, direct and indirect scran bilirubin were nil within the 
norr.nl range. 3S? test: 13 per cc-r.t retention after 45 minutes. Clotting 
factors: slightly prolonged Thrombin tire; prothror.bin, factors VII and X, 
moderately decreased. Serological tests: Ig\, 600 r^/lQO rl.; IgG, 1600 mg/ 
100 Tel.; Ig.., 200 mg/ICO ul.; complement fraction ?iA, 84 mg/100 nl. L3 
cello, antinuclear facxcr3 and cold agglutinins were not detected. CRP, ASL, 
latex fixation, Waller-Rose test, and the classical serological tests for 
syphilis yielded no pathological findings. Fulrcnary function tests (spiro- 
gia..., whole-body pie chysi*ogrnr.i, blood-gas analysis): Indications for restric¬ 
tive disturbances of ventilation with moderate partial insufficiency. Barium 
meal: Indications for mild esophageal varices; esophagogastric hiatal hernia; 
deforrea aucaenal bulb; enlarged spleen; no signs for either ulcer or tumor 
in the stomach and the duodenum. Histological findings made in a biopsy 
specimen taken from the back of the right hand: The lower corium exhibits 
at some sites thickened collagenic fibers end pronounced rarefaction of the 
elastic fibers. Otherwise, there were no particular findings. 

^ y ears old, working since 1954 in a F/C factory* where he was 
engaged as autoclave cleaner for about 1.5 years between 1954 and 1956 and 
ngnin for inrcc months in 1968; otherwise mostly engaged in screening. The 
potion* io oU»_erir.g from increased sensitiveness to coldness and frequent 
ehn.sijiL, of *he hands, since one to two years ago. 0ir.ee two to three years 
r.go, he ha* been suffering spells oi syncopal dizziness and drowsiness. Since 
our to fi\w 'j cars ago, he feels very tired and is slow and forgetful; his 
libido has decreased. - The patient does net smoke. —- t- -.r-n 


In 1969, 
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the patient suffered from a bleeding duodenal ulcer with tarry stools. lie 
again produced tarry stocls in April of 1970 and in October of 1972. Because • 
of repeated hemorrhages during the course of hospital-ward treatment, 

* 

two thirds of the stomach were removed by surgery after Billroth II; there 
was e.o;mdant discharge of ascites during surgery. Liver: Macroscopic find- .22 

ings: Cirrhosis-like changes; mdcroscojvic findings (institute of Pathology; 
Professor P. Gedigk, Id .D., Director): Slight increase of the connective 
tissue, and diffuse round-cell infiltration of the portal fields. IT 0 signs 
indicating either chronic hepatitis or cirrhotic transformation cf liver 
parenchyma. 

The patient was admitted to the Bonn University Dermal Hospital bet- 
v/een December 11, 1972, and December 21, 1972. Clinical examination: Spleen 
distinctly palpable below the left costal arch; otherwise, no important * 
pathological findings. Laboratory results: The red coll count reveals a mild 
hypochromic anemia with normal differential count; thrombopenia (90,CC0/cc. mm) 
Ydtli slightly prolonged thrombin time and decrease of Pactor X. Liver function 
and chemistry: B3? test, l r .6 per cent retention after 49 minutes; electro¬ 
phoresis, scrum transaminases, LDH, alkaline and .acid phosphatases, bilirubin, 
iron and copper in serum within tae normal ranges. Other investigations: 

Dicetrolytoo, non-protein nitrogen, classical serological tests for syphilis, 
no pathological findings. Roentgenological examinations (barium meal): L'so- 
phagcal and fundus varices. Liver and spleen scintigraphy: Pronouncedly ntypi- 
cally shaped liver v/ith enlarged left lobe. Dpi ecu considerably enlarged 
with strongly increased colloid storage. Pulmonary function tests and blocd- 
gas analysis: Moderate pulmonary emphysema, partial insufficiency, measurements 
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q£* tcr.pcrn*turc: r -?ci 2 pcr*nlui'C dorici*t«rs Gistnl o£ both v«Tiotc rit who tcr^ir.nl 
finc^r phalanges, > 10°C Histological findings obtained in a biopsy spocir.cn 
taken from the beck of the right hand: Crthohypcrkeratosis, narrowed epi¬ 


dermis. All collagenic fibers in the lower and riddle coria exhibit both 


striking deficiency in nuclei and homogenization, which bccc...o more pro¬ 


nounced with increasing depth. ilastica staining, on the other hand, reveal: 
elastic fibers eh owing no pathological findings. (2nd of Case historc.es.) 


All three patients had been world-ng for eleven to eighteen years- 


i.e. for a relatively long tire—in the sarc FVC factory, changing worldLng 


places from tire to tiro within the plant. During the last few years, these 


men had been complaining subjectively about spells of drowsiness, dizziness, 


sensations of pressure or pain in the epigastric region, and increased sensi¬ 


tiveness of the hands to coldness. 


Although sore of these subjective complaints had also been voiced by 


the other ten patients investigated by us, we find that a far greater agree¬ 


ment exists between the forr.cr group of ten patients and these three patients 


with respect to the internal findings obtained during clinical exnrination, 


For instance, two of these three patients exhibited deficient blood flow 


through the hands as indicated by measurements of hand temperature, and all 


three exhibited decreased arterial oxygen saturation as an expression of a 


partial insufficiency of the lungs, with the pulmonary function tests pro¬ 


viding indications for the existence of both restrictive disturbances of 


ventilation and pulmonary emphysema. 


However, three specific findings are particularly impressive in the 
case of these three patients viz, the distinct thrombocytopenia (with cnc 
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patient simultaneously exhibiting a leukopenia); the pronounced enlargement 
of the spleen; and the liver injury. The latter injury was reflected in all 
three patients in the results of the laboratory testa, i.c. in a distinctly 
increased retention of BSP, with only one of these three patients exhibitin' • 
at the same tire slightly increased levels cf serum transaminases and alka¬ 
line phosphatase. The deviations in th^e clotting factor concentration, those 
in Inc immunoglobulin fractions a3 well as the decrease in the concentration 
of the couple-ent fraction p 1 A also corresponded to the findings obtained in 
the first croup of ten patients. 

Proa the point of view of pathological anatomy, the liver of all three 
patients on inspection with the naked eye exhibited a delicately waved sur¬ 
face relief, with one of these non, in addition, exhibiting capsular fibrosis 
and increased blooa-vessel and lymph-vessel markings. The histological e rears i- 
nation revealed in all three cases a store or less strongly marked fibrosis cf 
the periportal fields, which had led to an inxrahepatic block (demonstrated 
in otic patient with t.ne aid of splenoportography) and, in consequence, to 
the formation of esophageal and gastric fundus varices. 

These characteristic liver changes, in conjunction with the marked 
splenomegaly and thrombocytopenia as well as the disturbances of pulmonary 
-.unction, on the one hand, have led to the conclusion that we are dealing 
here with cases of so-called vinyl chloride disease and, on the other one, 
indicate the grave prognosis of this disease in its more advanced stages. 

Thus, t.vo of our patients have suffered hemorrhages from varices located in 
the esophagus or m the fundus of the stomach, respectively, for which 
reason, in cne patient, splcno-rcn.nl anastomosis had to be instituted following 
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cplcnccto:.y, and, in another patient, two thirds of the stomach had to 
be removed by surgery, 'i'he progressive character of thin dicense is made 
evident in tnc cr.oC o. the third patient, v/no hitherto has not yet suffered 
from bleodin t> esopnag-_al varices. In tnc course of the Inst three years thnl 
patient, has shoViTi a further enlargement of the 3plcon; his thrombocytopenia 
has bcco...e more distinct; and, in addition} he has acquired a leukopenia. 

4 

xhe iinding sno><’-.ng that the latter three patients'-—with narked in— 
tnc parenchymatous organs—exhibited neither the clinical and 
histological skin cnnngos xypicr.l for the so-called vinyl chloride disease 
nor acroosteolysis can, perhaps, be explained by the type of work they 
carried out within the process of !VC manufacture—an aspect we will dis-. 
cuss in some detail in the next Section. 


III. Conditions nrovailin^ at the workdra; t>'-ce 

Y/hat then would be the s-uspected cause of the disease described in the * 
present paper? That question can be answered only if we subject the production 
of polyvinyl chloride from vinyl cnloridc as well as the other substabces 
used in the manufacture of this polymer and the secondary and intermediate 
products to close scrutiny. 

The initial material used in the manufacture of fVC, vis, vinyl chloride 
first prepared m 1633—is a colorless gas at room temperature (boiling 
point, -15«9 C; j.recsing point, -154 C), heavier than air, and possesses .an 
oiomat.c do.. In »no gaseous s^atc, vinyl cnloridc is readily inflammable. 

Ito narcotic or anest.aetic action has been stressed already a long time age .24 
(29)« \inyl chloiidc, however, could not be employed as anesthetic agent, 
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since the concentrations required to bring about anesthesia caused dis¬ 
turbances of cardiac rhythm. (23). 

Exposure of rate and guinea pigs to the effects of VC at ?. concentration 
of 30 per cent by volume for 30 minutes led, by way of an ancsthlic stage, to • 
the death of tneso animals (26). Autopsy of these animals revealed pulmonary 
congestion, pulmonary edema, corses lion of blood in* both the liver and the 

4 

kidneys as well as decreased blood coagulation. In long-term. VC exposure 
experiments at low concentrations (200 p.p.n. daily for seven hours over six 
months) using rabbits, Torkelscn et al. (34) found centrolotular degeneration 
and necroses with foamy vacuolization in the liver as well ns periportal, 
cellular infiltration. It has recently been reported (35) that prolonged 

* 

exposure (12 months) cf rate to the effects of VC led to skin, lung, and 
bone tumor development. 

Acute intoxication cue to VC in the manufacturing plants has been 
observed only rarely [reported only rarely?]. There exists a report (ll) cn 
two workers, who experienced reversible dizziness, light disorientation and 
burning oi the feet after being exposed for three minutes to the effects cf 
VC at a concentration of between 2 end 5 percent. 

Three cases of accidental intoxication arc known from Canada, where 
VC gas was twice determined to represent the cause of intoxication (c) . 

The symptoms were pronounced dizziness and dopincss in two of these cases 
ns well no decreased blood coagulation. Cnc of these two victims died. The 
third one died, while lie was cleaning n tank for ten minutes. The exact 
circumstances surrounding the death of the latter man could not be determined. 
On the shin, VC led to toxic changes in the sense of second degree burns (15). 
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On the basis of the animal-experimental findings described above, the 
maximal allowable (or admissible or acceptable) concentration (l-'AC) was 
fixed in 1570 [in the federal Republic of Germany) at ICO p.p.n. (lO). 

In the polymerization of VC to I'Ve, we know a number of different be .vie 
processes, with each one, in turn, having been modified numerous times (6). 

The suspension procedure represents the process most commonly used. In 
that procedure, deionized water is given into the reaction container (the 
autoclave or reactor) followed by numerous additives. Among the latter are 

suspending agents like polyvinyl alcohol, methyl cellulose and gelatin, 

« 

emulgators (suifonated oils)surface-active agents (sorbitol ronolaureate)^ 
find buffering solutions (for instance, sodium bicarbonate). In addition, 
trichloroethylene cay be added in order to obtain polymers of low molecular 
weight. Catalysts (chiefly organic peroxides) are used to initiate the reaction. 

Once the reactor has been closed and evacuated, liquid VC is pumped 
into it under pressure. This reaction mixture is agitated with the aid of 
n rotating propeller and heated to 50 to 55°C by heating the reactor wall. 

Since polymerization takes place with emission of heat, the product must 
subsequently be cooled. Depending cn both the degree of polymerization and 
the desired molecular weight of the final product, the process is interrupted 
end the excess VC is pumped into a gasometer for subsequent re-use. 

lip to that point in the manufacture of F7C, processing has taken place 
in n closed system, •• m which, under normal circumstances, gases cannot 
escape; however, during the subsequent processing of the reaction mixture 
ns well as during the cleaning of the reactor, VC and other gaseous substances 


inevitable escape and are then inhaled by the workers. 
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Pollo'.vir.g removal of the VC gns by mean? of suction, the reaction 
mixture is pumped from the reactor into n mixer, where excess VC still 
present is once more removed with the aid of n vacuum pump. The reaction 
mixture is then transferred into n storage container, from which the ccn- 
trifur.es nrc then fed. The polymer is separated from the aqueous phase in 
these centrifuges. Next the polymer is dried in drying drums, and then 
separated in screening machines according to particle sines. The linisnea, 
powdery white polymer is finally packed into paper bags or transported o..~ 
in tank vehicles. 

Once the reaction mixture has been pumped out, the reactor is oper.ee 
and squirted out with water using a high-pressure gun. If it is not clean 
r.ftc-r that procedure, the reactor is filled with water. After the water ha.s 
been discharged again, one or two workers climb into the reactor in order 
to remove the material—which frequently is very hard—coating the wr1j.s 
with the .aid of spatulas or, if necessary, with that of hammers and chise_s. 
The so-called autoclave 'workers, hov/ever, are not engaged exclusively with 
servicing the autoclaves, but they also assist in the centruugation, the 
. drying acid screening, and the packing of the finished polymer produce. 

In addition to the suspension procedure described above, the factory, 
in which the workers investigated by us were employed, us03 the emulsion 
procedure. The latter procedure is used to manufacture not only the hemo- 
polyr.er PVC, tut also the mixed polymer polyvinyl chloride-vinyl acetate. 
Polymerization again takes place in a reactor; however, in contrast to t.nc 
suspension procedure, certain additional substances (cr.ulgators) nrc em¬ 
ployed. Pollov/ing removal of the gas on conclusion of the reaction, the 









reaction _ii.Ct.urc ic not transferred into centrifuges and drying machines 
ns in the cnee oi t,hc suspension procedure, but, by way of storage tanks, 
i3 sprayed tnrough jots insiue a tower containing hot air. The polymer mass 
contained in the sprayed c-nralsion droplet is directly dried and then separa¬ 
tes out on filters. The gases contained in the renotion fixture and water 
(which has become steam in the heat inside the tower) arc vented. Screening 
end packing of the polymer arc carried out as in the case of the suspension 
procedure. 

In the course of the processes lending to the polymerization cf VC to 
PVC, \C as well as other gaseous compounds reach the air in the manufacturing 
halls. For instance, in the course of each autoclave cleaning with the aid 
of the water—spray gun, residual gases still orcscnt inside the autoclave 
reacn chc working room. Although no results of measurements on the concen¬ 
trations ox the gaseous compounds in the working rooms are available, we may 

safely assume that we are dealing here with considerable concentrations. In 

autoclave 

fact, at times coneentrayions are reached, which elicit in the, workers a 
prcnnrcotic syndrome consisting of dizziness, dopinesc and nausea. 

However, there also occur gas concentration, which can be detected by 
means ox the gas odor, .at the centrifuges, the storage and nixing tanks, and 
at the spraying tower; gases escape also from, the delivery pipes as well as 

from the drying and screening equipment. Furthermore, the workers are ex- 

« 

posed to tneso gnseo while cleaning the inner wall of the reactor with 
opntulns and chisels, i.e. gases either released from, the precipitate coaxing 
the walls or present cavities within the polymerized precipitates. Conccn- 
tratiop.s between f>0 and 100 p.p.n. have been measured after venting of the 
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reactor (6). Analysis of air samples taken close to tho inner wall of the 
reactor, i.e from the area to which tho workers 1 hands and face are ex¬ 
posed, yielded concentrations between 6C0 and 1000 p.p.o.^ 

‘ However, the largest quantities cf ran escape due to leakage (for 
instance, at the valves) from the charged reactor (these leakages can be 
fixed only after the reaction procccc has been completed) as well as due 
to insufficient removal of VC following completion of polymerisation, an¬ 
ther to only a few publications arc available on the degree of purity of the 
VC introduced into the reactor and on the qualitative and quantitative 
composition of the gases present inside the reactor following completion 
of the polymerising reaction. However, there can be no doubt that the greater 
part by far consists of VC. The chemical analysis of the residual gases iron 
a reactor (the polymerizing procedure employed in that instance nas not aeen 
reported) yielded the following composition: Viny? chloride, SO - .'; carbon 
dioxide, 8.5,:,; and small quantities of vinyl acetate, trichloroethylene and 
nitrogen, and traces of argon (8). 


IV. Hiscussion 

In the present paper we have presented a detailed description of tne 
results obtained in the investigation of thirteen workers employed in a x/C 
factory. *.Ye have been able to describe for the first time a number a grave 
findings seen in different organ systems (cf. Table 5)« Cur findings euggest 
that the syndrome characterized by our findings can no longer be adequately 
described by the term hitherto used, vi 'occupational ncroosteolysia.' 

All the individuals investigated by us exhibited a moderate to severe 


Vnronboeytopenia. Twelve of these patients exhibited a r.odcrnte to pronounced 
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Presentation of the cost inport nt fir.iin.30 obtained in 
nil unions .'.•.L.crin.;; iron the so-called vinvl chlnr-ido rH . 
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cplenomegaly. On the basis of our laboratory results, v.-e have been able to 
demonstrate in eleven patients a certain restriction of liver function, which, • 
m histological terms, corresponds to a pcrportal fibrosis. Pour patients 
exhibited esophageal varices, caused by this periportal fibrosis and the 
resulting portal hypertension. 

ho charge^ -cund in fne respiratory tract were encountered strikingly 
frequently. Mie cajority of the patients (i.e. eleven of then) exhibited 
bot.a functional disturbances in the sense of a partial insufficiency and 
signs indicating the existence of restrictive chnn-eo. 
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Circulatory disLurb sices in both the hand;and the: feet, includin'* 
Raynaud's phenomenon, were reported by almost nil patients to have repre¬ 
sented the first symptom of their present condition; in eleven cases, it 
v:ns possible to demonstrate these disturbancoo by clinical means. The 
scbrcdcrma-lako slsin indurations in the region of the arms typical for this 

t 

disease have been observed by us in eight patients; hc.vovcr, there c:cistcd 

« 

no strict correlation between the orient of the circulator;/ disturbance 
and the prominence of the dermal changes. 

Acroosteolyses, which have given the disease its name, in particular, 
in the /-.nericcn literature, were found by us in six patients. Hitherto, 
authors have assigned a central position to acroostcolysis and Raynaud 1 3 . 

phenomenon witsin the frnmeworx of this syndrome. Other authors have estab¬ 
lished that between three and five per cent of the workers employed in RYC 
factories will contract this disease. Related to the two symotoms, Raynaud's 
phenomenon and acroosteolysis, we are able to confirm the morbidity; how.’— 
ever, taking into consideration our o'.vn internal and clinical findings, we 
believe thnwe are permitted to assume with the greatest certainty that 
the morbidity actually is considerable greater than that. In the case of the 
individuals investigated by us——despite th.c fact that v/e so far have carried 
out no mass examinations of workers employed in that factory—we have con¬ 
cluded that morbidity already amounts to ten per cent of the workers of 
that factory employed in the manufacture of P/C. Considering these data, 
we ru'c easily able to discard the suggestion voiced vy several authors vi r.. 
Hint constitutional factors play a significant role in the development of 
this syndrome. In the first instance wo rust rather think of the occurrence 
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of a toxic process. A process of :hat type is indicated, on the one hand, 
by the morbidity among chiefly young men employed in a very cpccinl 
occupational sector, and, on the- other one, by the ccr.plex nature of the 
syndrome. Despite the different distinction of the syndrome in the indi¬ 
vidual case v/itn corral uni osseous changes occupying the foreground'in 
the one instance, and internal findings in the next one—we are able to find 
one common feature in all cases: In all the organ systems investigated by 
us we have always found changes in the connective tissue or in the vascular 
connective tissue, respectively. 

Particularly impressive connective-tissue changes are found in the 
liver. Duo to a multiplication of the collagens.c fibers, there develops a 
fibrosis of tne portal fields, with other.visc normal parenchymal structure.* 
Compared to the latter findings, v;e realize that the minor toxic changes 
in the hepatic parenchyma occupy the background of the syndrome. The question 
whether lie enlargement oi tnc spleen should be regarded as the cole con¬ 
sequence or portal hypertension or whether primary fibrotic events take place 
in the spleen cannot yet be determined at the present tine. The four patients 
suffering from the most pronounced splenomegaly exhibited esophageal and, 
in part, gastric fundus varices. 

The cause of the thrombocytopenia remains unclear. It is certain that 
it cannot be attributed to either the splenomegaly or the hepatic changes, 
since that deficiency was a constant symptom in an individual after splor.ee- 
toiTy an well as in a patient exhibiting 2:0 liver or spleen changes. Cn the 
basis of our lindmgs wo would like to assume that the decreased number of 
thrombocytes represents the first symptom of this syndrome that can be 
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demonstrated by clinical means. That finding is all the core worthy of r.o to, 
because the thrombocyte count represents a parameter readily determined, 
and there would then exist the possibility to carry cut mass examinations 
inside factories. 

Indications for the occurrence of fibrotic processes in the pulr.onr.ry 
tissues are found in the existing restrictive distumnee of ventilation in 

4 

combination with hypoxemia. Cn histological examination, the 3lsin exhibits 
both an increase and a thickening of the collagenic fibers with simultaneous 
destruction of the network of elastic fibers. The cerium vessels exhibit 
only discrete changes in the form of edematous swelling. In comparison to 
the latter findings, angiography—above all, when carried out in the regie*: 
of the hand and finger arteries—reveals constrictions and segmental stenoses. 
Perhaps, the osteolyses of the terminal finger phalanges could be explained 
on the basis of the latter findings as an expression of a trouble disturbance. 
Circulatory disturbances in the sense of Raynaud 1 s phenomenon-—which existed 
also in four of the patients investigated by us—are found, in addition to 
numerous other internal disorders, also in progressive systemic sclerosis 
b3 well ns in consequence of toxic action (17). In fact, the finding of 
Raynaud's phenomenon in conjunction with the clinical and histological 
changes of the skin remind the physician of that systemic disease, and we 
know that both the vessels and the connective tissues occupy decisive posi¬ 
tions in the pathogenesis of progressive systemic sclerosis. Although we 
thus find, on the one hand, distinct parallels between progressive systemic 
sclerosis and the 'so-called vijyl chloride disease, 1 it is, on the other 
hand, well possible to distinguish between these two syndromes (2i). Above 
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there exists no doubt that the dicease dcsci'j.ccd by vis is nn occupntic— 
nal one, having a toxic cause. Ac v/e have outlined in detail further above, 
tlic pa vicr. k,.j arc continuously exposed to the effects of gases in their 
factory—gases released in the course of industrial PVC preparation. These 
gasou 1 epresent a mixture of numerous volatile substances. The greatest part 
fc y i;r i° r.ade up by vinyl chlorrde (C) 4 . The other substances, like vinyl 
acetacc and trichloroethylene, are present only in traces. The narcotic or 
anest.iC.ic effect of /C is well known. In their respective case histories, 
the workers investigated by us have stated that, .at various places along the 
production line, the concentrations of VC gas at times were so high that 
its inhalation elicited a feeling of dissiness, drowsiness and nausea. 

The fact that VC in corresponding concentrations has a hepatotoxic 
effect i3 ]s-;o'..n on the basis of results obtained in animal experiments, 
v/hich results, among other factors, have led to a refixing cf the .YAP value (8) 
Furthermore, the occurrence of Raynaud's phenomenon has been observed 
in vorxor3 employed in plants, which manufacture only the monomer, and not 
F\C (l; 2/). Very recently a report has been published stating that prolonged 
Cv.posuie Oi animals to the effects of VC led to disturbances of bone for¬ 
mation, (5). 

% 

bcvcral authors have stated that work in the autoclave is of decisive 
iuporw,*nce '••itn respect to the subsequent appearance of acroostcolysis, Ray¬ 
naud s phenomenon and skin changes. Hitherto no patient hn.d been known to 
occupational acroostoolyi.s, who had not at least for a while 
worked ns autoclave cleaner. Those authors have suggested that this disease 
is caused by tac concurrence of, first, a. substance having toxic effects 




either followin'; inhalation or across the clan; secondly, the physical 
alteration ex’ the hands during the process of cleaning the autoclave; and, 
thirdly, a constitutional factor. We, on the other hand, nssuae, in the case 
of manual autoclave cle^.nirig, that the nicrotrnuiuntisntion of the hand sur- 
face (which really is not very constant in character) represents a f.actoi' 
of lesser importance in connection with the occurrence of osteolysis than 
the close contact with the polymerisate precipitates, which still contain 
relatively large quantities of VC gas about to be released into the atmos¬ 
phere by means of diffusion; release of these quantities of VC gas may re¬ 
sult in VC concentrations along the inner wall of the autoclave (even after 
preceding rinsing with water) amounting to between 600 and 10C0 p.p.m. A 
further indication pointing to the percutaneous penetration of VC is 
reflected in the finding showing that we have observed scleroderma-like skin 
changes only in the region of skin not covered with clothing. 

On the basis of both the findings presented and the considerations 

outlined in the present paper, we believe that we rust stx'ongly suspect that 

long-term exposure to the effects of VC may elicit a complex syndrome. That 

syndrome is characterized by fibrotic transformation of the parenchymatous 

organs—the lungs, the liver, and the spleen—as well as in the skin and in 

the vascular system. This syndrome then possesses the character of a systemic 

disease, associated with a prognosis that is grave in the more advanced 

stegec. These pathological charges then are fox' more extensive than the 

syndrome of 'occupational acroostcclysis 1 already described. We therefore 

would like to separate the present syndrome from this symptom-associated 

description and propose the name "vinyl chloride disease." 

We tire indebted to Mrs. S. Voi gtlaer.scr for the preparation of the clinical 
and histological illustrations. 
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The relationship between vinyl chloride exposure and human angiosarcoma 
of the liver (ASL) first received serious attention in December 1973 when a 
case of this rare tumor was diagnosed at autopsy in a vinyl chloride (VC) 
worker from the B.F. Goodrich chemical plant in Louisville, Kentucky. At 
that time, this case represented the third recognized among VC workers at 
this plant; prior cases had been diagnosed in May 1970 and March 1973. (1) 
While at first the possibility was considered that case occurrence might be 
unique to the Louisville facility, the subsequent detection of cases at three ' 
other plants has sliowm the problem to be industry-wide. Ten additional cases 
have subsequently been identified among other VC polymerization workers in the 

United States (Table 1). Workers at a total of four different plants have 
been involved. 


* The earliest case recorded to date occurred in 1961, the others being 
scattered over subsequent years, five in the past two years 1973-74. In 

several instances, the diagnosis of ASL was not specifically made until re- 

». • 

view of pathologic material during the early months of 1974. Death certifi¬ 
cate diagnoses in such cases indicated "primary liver cancer," and in one 
instance merely "liver cirrhosis." The three most recent cases were diag¬ 
nosed in the course of systematic medical screening, two at the Louisville 

/ 

plant in February 1974 and one at the South Charleston plant in May 1974. 

These three patients are the only ones of the thirteen who are currently alive 
All thirteen cases have occurred in white males. About half have been 
in their 40’s with an age range from 36 to 60 years and a mean age at time of 
diagnosis of 48.2 years. Length of time between first VC work and diagnosis 
has ranged from 12 to 29 years (mean 20.3 years), mean total duration of VC 

O 

work being 18.0 years. 
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Comparison of Observed and F.xpectcd Incidence 

The reason an etiologic association between VC work and tumor could be 
so readily inferred on the basis initially of Just three cases is because 
AEL is extraordinarily rare. Based on data from the National Cancer Insti¬ 
tute’s Third National Cancer Survey (1969-1971), expected annual incidence 
of this tumor is on the order of 0.0014 case per 100,000, or about 25-30 
cases a year in the entire U.S. population. Estimating the total VC worker 
population past and present in the U.S. at roughly 20,000 persons (an esti¬ 
mate which may be too high), one can calculate that only about 0.03 case of 
this tumor might be expected in such a population over a decade. Since 
thirteen cases have thus far been identified (and it is not unreasonable to 
think that others ma> at be found among other VC workers), one arrives at a 

lisx ratio, (a ratio of observed to expected cases), of at least 400 to 1. 

- • i • 

Needless to say, had the situation concerned a common tumor such as lung 

cancer, the picture would have been much less clear cut and would have required 
many more cases and much more elaborate epidemiologic manipulation to associ¬ 
ate tumor with industrial VC exposure. 

Clinical Features 

• * 

Medical and epidemiologic data have been examined in detail for cases at ' 
the Louisville plant in particular. The remainder of this . resentation sum¬ 
marizes these and other data concerning VC workers at that plant. For each 

* 

Louisville case, all available medical records have been reviewed. Interviews 
have been held with each surviving patient and with close relatives of all 
deceased patients to obtain specific information concerning work history, 


• • 
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toxleologlc exposures. and fpnUy Ms.ory. Pathologic !»«IcuUrly 

sections of live, end of t »r, have been reviewed both by local pa,holor.iat„ 
in boulsvllle and by Dr. Louis Thomas at the National Cancer Institute and 

Dr. linns Topper at The Fo E nrty Intern tonal Center. 

in most cases the diagne <s of ASL was reached only with difficulty; 
three of the five .fatal cases were not diagnosed until autopsy, In only 
one of the two remaining fatal cases was ASL diagnosed unequivocally prior 
to death (four months). In the other case, a diagnosis of "primary liver 
cancer" was made five months before death, but ASL was not clearly identl- 

fled until recent review tf autopsy material. 

Presenting signs and symptoms varied widely and were relatively non¬ 
specific. Abdominal mass was a presenting feature in four cases, Cl bleed¬ 
ing in two (diagnosed initially In each instance as peptic ulcer), fatigue 
aud weakness In four, and noticeable weight loss in one. In one ease no 
signs or symptoms referable to cancer or liver disease were present and the 
diagnosis was made only In the course of workup for another health problem. 

Duration of symptoms prior to diagnosis ranged from one to eleven 
months for five of the six cases displaying symptoms. In the sixth case, 
symptoms related to liver disease antedated diagnosis of tumor by eight to 
ten years. In that particular case, 4 diagnosis of liver fibrosis was mrde 
In Hay 1965 following two episodes of gastrointestinal bleeding In the course 
of two years. A portoccval shunt operation was performed because of varices, 
splenomegaly and increased portal vein pressure. Six years later (May 1971) 
the patient was rcycvaluatcd because of progressive symptoms, and at that time, 
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liver scans suggested the presence of tumor. ASI., however, was not unequi¬ 
vocally diagnosed until autopsy in March 1973. 

At time of tumor diagnosis, physical findings among the seven cases 
varied considerable. In two cases, no abnormal findings at all were recorded. 
Three cases presented with liver enlargement, in each instance by spleno¬ 
megaly. In a fourth case, splenomegaly alone was detected. One additional 

♦ * 

case presented with severe right upper quadrant tenderness in the absence 
of clear cut organomegaly. Laporotomy revealed free blood in the peritonial 
cavity traced to what was tentatively diagnosed prior to death as "hemangioma 


of the dome of the liver." 


Abnormalities of one or more liver function tests were present in every 
case at or around the time of diagnosis. In most instances, however, these 
abnormalities did not become clcar-cut until the terminal phases of illness. 
SGOT values were at least mildly increased in all seven cases, total bilirubin 
in six and alkaline phosphatase in five. LDH was increased in four of six 

u ^ j; • v 

cases tested and BSP in one of two. . 

. r~‘ • •* 

Diagnoses were made with the help of liver-spleen scanning in six cases 
and hepatic angiogram in two. Esophageal varices were demonstrated in two 
cases, one by x-ray, the other by endoscopy. Efforts at tissue diagnosis 
were made by open liver biopsy in all seven cases and by needle biopsy in 
three; autopsies were performed in four of the five deceased cases. Open 
liver biopsy provided a diagnosis of tumor in four cases while in the remain- 
ing three cases, diagnosis was made only at autopsy. 
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Recent review of pathologic material in all seven cases has shown evi¬ 
dence of portal fibrosis as well as of tumor. In addition, discrete subcap- 
sular fibrotic areas were described at time of open liver biopsy in one of 
the two cases diagnosed in 1974. In two cases, angiosarcoma was present in 

tissues other than liver. In one the picture was that of local tumor spread. 

• ♦ ' * 

Epidemiologic Features . . 

The B.F. Goodrich Louisville plant employs about 1,200 persons of whom 

about 270 or 20 per cent are engaged in VC polymerization activities. The 
plant first began polyvinyl chloride (i?VC) production in 1942 after pilot 
operations dating’from 1937. The present polymerizat n work force size was 
reached in the late 1950’s. All seven patients had worked in jobs directly 
related to VC polymerization, and in this capacity all seven can be assumed 
to have had direct exposure to vinyl chloride monomer (VCM). Initial involve¬ 
ment in VC work occurred from 12 to 28 years prior to tumor diagnosis (mean 
20.0 years) (Table i). Involvement was essentially continuous during these 
years (mean duration of VC work 17.0 years). Dates of initial industrial VC 
exposure ranged from 1944-45 soon after the plant began production (two cases), 
to as recently as 1957 and 1961. Ages at initial exposure ranged from 23 to 
33 years (mean age 27.6 years). 

Although the data arc far from conclusive, they do suggest a possible 

dose-response relationship when one tries to compare intensity of VC exposure 

with latent period. Virtually everyone entering VC polymerization work at 

the Louisville plant starts as a "helper," a job which includes cleaning the 

• * « 
interiors of polymerization vats and hence involves a maximum exposure to VCM. 
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When duration of work as a "helper" (a rough measure of VCM exposure) is 
correlated with interval between first exposure and diagnosis, an inverse 
relationship is suggested. For three eases averaging only 5.3 months as 

J 

"helpers," exposure-to-diagnosis intervals averaged 22.0 years; for the 
four remaining cases averaging 36.5 months as "helpers.," this interval was 
14.5 years. * 4 : ... 

No evidence was found that exposure to other potentially hepatotoxic 
materials outside the work place played any consistent role in these parti¬ 
cular cases. Only two patients had a history of increased alcohol intake, 
and in one the increase was borderline. One man gave a history of exposure 
to arsenic insecticides for several-years as a teenager. In none was there, 
any suggestion of thorium dioxide exposure. Acroosteolysis, past or present, 

• . , 9 

was not observed in any case. 

t ' > • 

Non-malignant Liver Disease 

Because two of the three tumor cases .which were initially recognized in 
Louisville had shown evidence of hepatic fibrosis antedating or coexisting 
with tumor, medical records at the Louisville plant were reviewed for cases 
of non-malignant liver disease. A total of four such cases have been iaenti- 

I 

fied to date, again all among VC workers. 


The clinical and epidemiologic features of these four cases closely re¬ 
semble those of the seven tumor cases (Table 2). All were white males, avera 

. . i ' 

age 46.5 years at time of first diagnosis. One was diagnosed in 1968, one in 
1972, and two in 1973.. VC work began on the average 20.8 years prior to ding 
nosio and in every instance was continuous. One patient, however, a 28-ycar- 




old man, had worked at the plant for only six years. Duration of Illness 
prior to diagnosis ranged from 0 to 7 months. While three of the four 
patients presented with significant splenomegaly (one with hepatomegaly in 
addition), in one case physical examination was entirely negative. A variet\ 
of liver function tests showed abnormalities although none were severe and 
no consistent patterns were evident, tn two cases esophageal varices were 
demonstrated, and in both instances, splenorenal shunt operations were per¬ 
formed.' All three patients with splenomegaly underwent splenectomy. 

Open liver biopsies were performed in all four cases. In each instance, 
a picture of portal fibrosis was seen accompanied by the observation in 
thrpe cases o'f discrete nodules of subcapsular fibrosis. The latter feature 
was indistinguishable pathologically from the subcapsular lesions observed 
in one of the seven tumor cases. » 


Discussion 


« » • 

*in light of recent animal experiments (2) arid of clinical observations 
reported in European VC workers (3), it seems likely that exposure to VCM 
in the course‘of VC polymerization work is responsible for malignant and non 
malignant liver disease in these cases. Epidemiologic features further sug¬ 
gest that either prolonged exposure and/or a long interval from Initial ex¬ 
posure is required before liver disease becomes apparent. While the length 
of time involved seems quite variable (6 to 29 years), in all but one case 

•I * " 

the interval was twelve years or longer. 
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Wc have no assurance, however, that the actual latency required for 
development of liver disease (as opposed to latency in relation to clini¬ 
cal recognition) may not be considerably shorter. Unfortunately, if one 
can judge by the clinical features of the Louisville cases, manifestations 
of liver disease are quite variable, and in most instances were not detected 
until the process of hepatic fibrosis was so far advanced that splenomegaly 

4 

and increased portal pressure had already been produced. Furthermore, if 
one envisions angiosarcoma as a late manifestation of the same pathologic 
process, then it seems even more likely that clinical detection of liver 
disease lags considerably behind actual disease onset. At present, thei'efore, 
a major concern is to develop more Sensitive means for detecting liver dis¬ 
ease, not in its late malignant phase (if in fact a single pathologic spec¬ 
trum is involved), but in the early stages when fibrotic reaction first sets 
in. 

Eventually, non-malignant liver disease, not ASL, may prove to be the 
most prominent disease problem associated with VCM exposure in terms of 
numbers of persons affected. One must also consider the possibility, however, 
that VCM may produce angiosarcoma at sites other than liver or that tumors 
of other kinds may also be induced. At present, animal experiments suggest 
that a wide spectrum of tumors may be involved (1), although as yet there is no 
clear human evidence to support the concept. In addition, no human cases of 
liver disease, whether fibrosis or frank angiosarcoma, have yet been strongly 
linked to VC exposure outside the industrial setting. V/hile this may mean that 
risk of disease is greatly reduced or even non-existent at very low levels of 







In view 


VC exposure, it is obviously too early to draw any conclusions, 
of past experience witli other oncogenic chemicals, it will be prudent, 
until much more data have been assembled, to view any exposure to VCM as 
potentially harmful. 

Summary * 

A total of 13 cases of ASL have been documented to date among VC workers 

in four different plants in the U.S. In this particular industrial popula¬ 
tion, this number of cases represents at least a 400-fold increase over ex¬ 
pected incidence for this extremely rare tumor. The first case occurred in 
1961. Average age at diagnosis is 48.2 years. Average length of time be¬ 
tween initial VC work and diagnosis has been 20.3 years. 

A detailed review of seven cases associated with one plant revealed 
that clinical features varied from little or no overt illness prior to diag¬ 
nosis to advanced liver disease with portal hypertension and marked spleno¬ 
megaly. Portal fibrosis was present in all seven of these ASL cases as well 
as in four additional cases with non-malignant liver disease among VC workers 
at the same plant. These findings suggest tliat exposure to VCM in industrial 
settings can produce hepatic fibrosis with angiosarcoma as a late manifesta¬ 
tion. Conventional liver function tests may not be sensitive indicators of 
such liver impairment, at least in its early stages. 
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Table 1. •Cases of Angiosarcoma of the liver (ASL) 

among vinyl chloride workers in the United States 

Number of 


Name of 
company 

Location of 
plant 

Age at diagnosis, 
race,sex 

Month and year of 
iirst vinyl 

chloride work diagnosis 

death 

years between 
first vinyl 
chloride work and 
ASL diagnosis 

Total years 
in vinyl 
chloride 
work 

f.?. Goodrich 

Louisville,Ky. 

52 WM 

6-44 

4-64 

4-64 

19 

13 

6 

II 

43 WM 

7-52 

8-67 

1-68 

15 

15 

if 

?t 

36 WM 

11-55 

5-70 

9-71 

14 

13 

if 

If 

49 WM 

12-48 

3-73 

3-73 

24 

16 

II 

II 

• 58 WM 

11-45 

12-73 

12-73 

28 

2S 

If 

• It 

45 WM 

1-62 

2-74 

— 

12 

12 

if 

II . 

43 WM 

5-45 

. 2-74 

— 

28 

17 

Gooayear 

Niagara Falls,N.Y. 

40 WM 

10-46 

4-61 

8-61 

14 

14 

G. " ■ 

II 

54 WM 

6-51 

5-68 

5-68 

16 

16 

If 

• 1 

60 WM 

10-46 

3-70 

3-70 

23 

23 

"Union Carbide 

S.Charleston,V Va. 

45 ;*M 

8-44 

3-68 

3-68 

23 

IS 

\ " 

> 11 

52 WM 

8-44 

4-74 

— 

29 

29 

Firestone 

Pottstown,Pa. 

50 WM 

9-49 

5-69 

5-69 

19 

15 






46 VM 
28 VM 
56 W>1 
56 KM 




Table 2. 


Cases of non-malignant liver disease among 
Louisville vinyl chloride vorkers 


Age at diagnosis, 
race,sex 


Month and 

Number of 
years between 

Clinical features 

Pathologic 

features 

year of 

first VC work 

enlarged 

abnormal 

Portal 

Subcapsular 

diagnosis 

and diagnosis 

spleen liver 

liver function tests* 

fibrosis 

fibrosis 

12-68 

24 

+ 

AP, BSP, SCOT 

+ 


1-72 

6 

+ + 

TB, SCOT 

+ 

+ 

9-73 

24 

+ 

TB, AP 

+ 

_ 

9-73 

29 

•- 

TB, LDH, SCOT 

+ 

+ 


*AP ■ alkaline phosphatase 
BSP ■ brcmsulphalein clearance 
SCOT = scrum glutanic oxalacetic transaminase 
T3 = tofal bilirubin 
LDH = lactic dehydrogenase 
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Scfcty oivj Hoclth, Stockholm, Sweden 

Indus-r r 

Vinyl chloride monomer (VC hi) and polyvinyl chloride (i'VC) resin >!s 
monuJorrurec: by one Swedish company, K-r.mnf-.'orc! AD, vrr.lch today 
runs two plants. The plcni cl Stockvik, near Smidsvoli in northern 
Sv.ee-re, started VCV; $ynlh«-i5 end FVC rosin menu feature during 
' a..— is s.iil me.mtcctur::^ SVC resin from the monomer. Tits 
synthesis of VC?.' ‘-cs moved to r now plant in south ern.Sweden in 
ii/uS. i.i ins some twee so eve eid polymerization reactors .\r-rc tctk«v. 
down cl Stockvik1 The hygienic conditions wme apparently greatly 
improved in the Stcckvik plant in J9G3. 

The PVC resin is manufactured by the suspension, emulsion and bath 
methods. In. 1973 FVC-r.-oductdon cm.c inted to about HO 000 ton.:, 
at the Stcckvik plant. KemaMord AB does not manufacture plastic goods 
frcit: }'V0 resin. The tote! number of workers employed on a long time 
fcesrs u = at least two months employment) since 19-15 at the VC.V./PVC- 
p’rn.t ct ctockvik is estimated to around G20. 

.-wr concentrations of VGM in the working environment have not boon 
sw-usurer: until recunily. Between 1515 and 19CB v/o.hit:::.-. are how.-° 
scid to occasionally have shown objective signs on very high exposure 
levels. Air concentrations in lh:: polymerization plant aic today 10-20 
ppni VC on on average in the reactors rooms and under 5 ppm in drying 
and packing departments. ’• • 
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At time or f::tnij-cic-u Cnr.-e 1 had io ;t 20 p-.v nf v. night sh., 
i;p v/ilr* spl^iir— end I; rjv.fc-mvgely, slight trrv..-«ii ; -. (;•!. v,v V.) •. :>;! 

t.iOU •***••*• •.*.iv-.i >ii vy a .* J1 r.. j.il.r:*^,3 * '• # 

elevated cl inline piuephoteso (911 units) and sii -V.ly ole veto:' CP 
(52 units). O'-fetoprotein was, however, r.eg stive. 


Nine months after debate of symptoms a liver tumor was confirmed 
after angiography. The patient was operated and cytologies 1 e::a. . 
indicated primary hepatocellular cancer. The liver was perfused : 
times with fluorcuracil. A second operation was performed and the 
tfieo obout one year after the oebute of symptoms. 
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Atjgost ■•■tortsrn examination the liver tumor of Case 3 was dicg.io 
as a iov/ Jitierentiat-d primary liver carcinoma. The pathologist c 
however, discuss the possible presence of c nan-typical engiasa: 
After a rec-_.'.w rec.cluotior. c; the pathologic specimens angiosarcr 
could not br excluded. 


r- 1 . 

«..oma, 


v -' cs 0 male born in 13S 3 . He was employed in the year 1515. 
From the date of employment until 19 63 he only worked with VGIvI pro¬ 
duction. : rem 39 5°. until the debate of the disease at G1 years age ir. 
JS7-. he proeably had c low, ora very low, exposure to VC. Ills time 
of employment with exposure to VC was 23 to 27 years. 


At time of admission Case 2 had lost weight, and showed up with a 


pa.pebis epigastric tumor, slight thrombocytopenia (3 0 1 000 colls/mm'*), 
slightly elevated alkaline phosphatase (22 units) as well as trans¬ 
aminases (GOf 7j and Cl’f 25 units) and lactic dehydrogenase (955 
units). 
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Th? Pf-'v.-nco o* tv.---. t.v:.»K .'.I ccjr. |!f . j jVl . ; ... 

workmen occupied in 4 VC.v;/i»VC resin mermbetarc in Sv.cdcn 
soen Q 3‘ nst th * hackg.-ound of the lasIcTcnco cf ongionoreomno in7-- 
liver omens the total Swedish population (S mill. instants. 1372) ‘ 
in the orricinl co 11 cor register r, tote! of -6 eases c: prissier.* iiv;-; 

(site 155.0) wore histologically classified cs angiosarcomas (PAD jn’J, 
free:-, the start of the register 1353 un.il end of 1968. Four of those If,' 
cases were babies, five v.-ero men cud sever, were women. Among t -,* 
professions registered no association to industrial wor’-: can be r t - 
It is to be noted that the renter from 1970 until date is not comply:’-* 
and thus considered no: relish's 


me two Swedish =a-ss cf suspected ongiossreamswore'first aJosMfie: 
os P-i -.pr/ u/cr cor.osry. The conclusion drawn from t’.of is that the. 
reuJ t. of oi:.-osar comas associated with man a fact eta of VCM „.>d 

PVC r£5in ln this cou - tr / or.ft maybe also in foreign countries may Le 
larger than hitherto observed. An epkie.niciojicc.l study of various 
populations at rise in Sv/cdcn should be performed. During such a 
stuay c.-i.nar/ liver cancers, end cancers of other sites, should bo 
Ice ,r. . .or. Such studies ere under v.-ay. 
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TABLE 1 

CONFIRMED GASES OF LIVER ANGIOSAROXiA AMONG WORKERS D’.POSED 
TO VINYL CHLORIDE 03 POLYVINYL CHLORIDE • 





1st VC 

DX 

ACE 

YRS 

TOT 


CASE 

BIRTH 

or PVC 

ANCTO- 

AT 

1st EXP 

YRS 

•COUNTRY 

*1 

V 

DATE 

EXPOSURE 

SARCOUA 

DX 

TO DX 

EXP 




VC 

MONOMER PRODUCTION WORKERS 


r-wejeu 

02 

11-27-11 

00-00-45 

05-15-72 

61 

27 

23 





POLYMERIZATION 

WORKERS 



Caecnoslovakia 

or 

AWAITING 

DETAILS 





Uacanoslovokin 

r.f 

•• 

AWAITING 

DETAILS 





Cv;at Britain 

01 

00-00-01 

00-00-46 

12-00-72 

71 

26 

20 

N.* r"a\* 

01 

12-23-15 

03-00-50 

12-20-71 

56 

22 

21 

Sweden 

01 

06-23-27 

OS-14-51 

02-00-70 

43 

13 

13 

Unite;! States 

01 

00-00-22 

12-09-43 

03-00-71 

49 

22 

16 

United States • 

02 

00-00-34 

11-15-55 

05-00-70 

36 

14 

1 13 

iced States 

03 

00-00-15 

11-23-45 

12-00-73 

5S 

28 

2S * 

! n-.ted States 

04 

00-00-24 

• 07-06-52 

03-00-67 

43 

15 

15 

United States 

05 

00-00-12 

06-19-44 

04-00-64 

52 

20 

13 

United St-'tos 

06- 

00-00-29 

01-17-62 

02-00-74 

45 

12 

12 

UnitcJ States 

07 

05-03-22 

03-00-44 

00-00-63 

45 

24 

IS 

United States 

AD 

• 05-06-20 

10-07-46 

03-00-61 

41 

15 

15 

United States 

09 

0.3-00-51 

G5-2.3—45 

03-01-74 

43 

29 

17 

United States 

10 

00-16-13 

06-00-51 

05-00-68 

55 

17 

17 

United States 

11 

05-27-09 

10-14-46 

03-00-70 

61 

23 

23. 

United States 

12 

11-17-13 

05-13-49 

05-00-69 

50 

20 

15 

United States 

13 

12-01-21 

03-19-44 

05-00-74 

53 

30 

30 

Gr.mr.ny 

01 

07-26-31 

10-14-57 

' 00-00-71 

40 

14 

14 

V. Germany 

C2 

4 

06-04-30 

10-01-57 

00-00-69 

39 

11 

11 



DATE OF 
DEATH 


08-16-72 


12-00-72 

01—0 A — / 2 

10-20-70 

03-03-73 

C9-2.;-71 

12-10-73 

01-07-5:'. 

04-09-64- 

ALIVE 

03-23-63 ‘ 

03-29-61 

ALIVE 

05-10—S3 

03-16-70 

05-02-69 

07-04-74 

12-14-71- 

01-25-59 





..ecu 


1 00*--indicates unknown date 





coMPOumr.Ks, fabricators, etc 


;e:i States 14 

00-00-13 

03-13-38 

or,-00-7 3 

60 

36 

tcii States 15 

C0-00-25 

00-00-00 

07-00-72 

47 

00 




OTHER VC 

EXPOSURE 


Germany 03 

00-00-00 

00-00-00 

oo-no-oo 

• 

43 

14 


No to 2 
Note 3 


'lachine operator covering electrical wire with PVC plastic insulation 
Accountant at several fabrication plants (work history under review) 
Filling sprinkler cans with fluid containing VC fuel C /J ( j* 

■ * 


Note: *00’-indicates unknown date 
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Office of Standards Development 
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1. Name of action. (x) Administrative action. 

( ) Legislative action. 

2. OSHA proposes to regulate producers of vinyl chloride, poly¬ 
vinyl chloride, and articles made from these substances by 
requiring that their employees not be exposed to vinyl chloride 
above specified levels. The purpose of this regulation is to 
reduce the risk of contracting cancer among workers so exposed. 

3. The major impact of the regulation is expected to be a reduc¬ 
tion in the number of workers contracting, liver angiosarcoma 
and other fo»ms of cancer. A concomitant adverse impact is 
expected to be substantial increases in capital and operating 
expenditures among manufacturers, along with reduced produc¬ 
tivity. The effect of these cost increases will be increased 
P r *ces for products made from vinyl chloride and polyvinyl 
chloride. 

A. Major alternatives considered along with the proposed standard 
include a reduced scope and coverage of the standard, higher 
permissible levels of exposure, and additional time permitted 
for companies to meet certain provisions of the standard. 

5. See Appendix C for Federal, State, local agencies, and other 
parties who have commented on the draft environmental impact 
statement. 

6. Draft available to Council on Environmental Quality and public 
on June 12, 1974. Final available to Council on Environmental 
Quality and public on September 5, 1974. 
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Vinyl chloride (VC), a flammable compressed gas, is the 
raw material from which the polymer, polyvinyl chloride (PVC), / J 

Is ^onat r ucted? }~ Polyvinylchloride serves as the basis 
for a wide variety of plastic products that find useful 
application in virtually every walk of life. Since it was 
first produced in 1930, vinyl chloride, in the form of polyvinyl 
chloride, has become one of the most basic raw materials in the S'LfjJL 7 
economy. Today, over 5.4 billion pounds (2.43 million metric 
tonnes) of vinyl chloride and over 4.4 billion pounds (1.98 
million metric tonji^s) of polyvinyl chloride are consumed annually, 

/* / 

with future growth only limited by available supplies of feed- / 

/ /i, . /■ < c > * f' 

stock and production capabilities. J 


J 7 


Airf VC. 


fr^^nyl chloride resin is produced in 37 U. S. plants. PVC ^ 
resins are compounded with additives to yield materials of 
various specifications in approximately 200 plants, and the 
compounded resins are processed into finished or semi-finished 
products in several thousand fabricating plants. The semi¬ 
finished products serve as components for a large number of 
consumer products made in an unknown number of plants. Polyvinyl 
chloride eventually finds its way into many products used in 
building and construction (such as flooring and piping), apparel, 
electrical wiring, home furnishings, packaging, recreation, and 


transportation. 




In January 1974, information came to light that vinyl 
chloride is a possible carcinogen and may have caused the deaths 
of several workers, all of whom had been exposed to the chemical 
in polymerization plants. Since previous knowledge had indicated 
that VC was a relatively harmless gas outside of its high 
flammability, this news initiated attempts on the part of 
industry, labor, and government to define the extent of the 
hazard. Preliminary information indicated that the main hazard 

was experienced by workers in companies producing or—using, vinyl 

, ’'-*0. <-cc e i J 

chloride or polyvinyl chloride. Accordingly, the Occupational 
Safety and Health Administration conducted a fact-finding hearing 
on February 15, 1974, focusing on these industries. As a result 
of information presented at the hearing, OSHA instituted an 
emergency temporary standard April 5, 1974, setting 50 ppm as 
the ceiling value permitted for exposure among workers. 
Subsequently, the results of animal studies showed that vinyl 
chloride at 50 ppm induced the same type of cancer found in 
the workers who had died. This cancer, known as angiosarcoma of 
the liver, has since been induced in three distinct animal species: 
rats, mice, and hamsters. 

Evidence of the potent carcinogenicity of VC in these 


animals has been interpreted as foreboding similar consequences 
to workers who N are occupationally exposed to this substance. 

7/ff i 

^/To dat^u, 24^deaths from liver angiosarcoma have been found among v 
These deaths may be. attributable to high vinyl chloride exposures 
which were said to exist during the early days of VC production, 


when the hazards of 




eh-'*? / C-Cj ^ 


v . wdc. 




i t<i-» i «»•*« 





c-'- 


* *C C 




VC were felt to be virtually, non-existent. Howe_yer-,_liver 






angiosarcoma is believed to have>d"1latenc.y period of 20 years?) 


similar to that of other occupational cancers. Thus the Jong latency 
period has raised serious doubts an to the safety of any non- 
negligiblc level of exposure. In view of the large area of 
uncertainty regarding VC carcinogenicity, it seems prudent to 
reduce worker exposure to the minimum levels that can be 
feasibly attained. 


1. DESCRIPTION OF ACTION 

In keeping with the leeislative intent of the Occupational 
Safety and Health Act, OSHA proceeded to develop a permanent 
standard dealing with vinyl chloride that adequately assures, 
to the extent feasible, that no employee will suffer material 
impairment of health or functional capacity even if such employee 
has regular exposure to the hazard for the period of his working 
life. A proposed standard was published on May 10, 1974, 

(See Appendix B). The proposed standard reduces the permissible 
concentration to no detectable level, ae determined by a 
sampling and analytical method capable of detecting vinyl 
chloride at concentrations of 1 ppm with an accuracy of 1 ppm 
+ 50 percent. In addition, the proposed standard requires 
monitoring of areas defined to have potential occurrence of vinyl 
chloride to assure that these levels do not go above 1 ppm. In 






A 


the event that employees are exposed to higher concentrations, 
the employer is required to initiate engineering methods and 
work practices designed to bring the level below 1 ppm. However, 
if these procedures prove inadequate, the employer must provide 
protective respiratory devices to employees for their use. 

The proposed standard also contains provisions to deal with 
special problems associated with the maintenance and decontamina¬ 
tion of equipment, loading and unloading vinyl chloride, and 
emergency conditions. Since the health effects of exposure to 
vinyl chloride are not immediate, but probably <nvolve a long 
latency period, the employer is required to perform medical 
surveillance of employees to detect the first signs of liver 
dysfunction. In addition, the proposed standard deals with the 
disposition of waste materials, the availability of protective 
clothing, hygiene facilities and practices, signs and labels, and 
reports and records. 






2 . 


PROBABLE IMPACT 


The primary impact of the final OSHA standard will be a 

\ \ 

reduction of worker exposure to vinyl chloride. According to 


animal studies, it is probable that attainment of exposures 
substantially lower than the 50 ppm specified by the emergency 



standard will constitute a far lower risk th^n that which 
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existed prior to the recognition of vinyl chloride as a 
carcinogen. It is difficult to translate this reduction in 
terns of human lives: in viev of the long latency period 
associated with vinyl chloride carcinogenicity, the effect of 
past exposures may not yet have run its course. To date, 24 
workers are known to have died from liver angiosarcoma. Others 
may have died from cancers caused by vinyl chloride but not yet 
definitively linked to this substance. It is conceivable that 
such cases in the future are likely to be avoided by implementation 
of the stricter controls of the final standard. 

The impact of the OSHA proposal on industry will be significant. 

It has been estimated that approximately 75 percent of the capital 
costs that the OSHA proposal may require will be borne by polymer 
manufacturers, and much of the remainder by monomer producers. 

The effect on Individual compounding and fabricating firms is 
not likely to be as significant as in the case of monomer and 
polymer producers. Operating costs in the polymer plants will 
increase substantially according to Industry spokesmen. 

Additional costs in this industry will arise primarily 
from increased manpower and energy requirements and decreased 

productivity. Overall, the OSHA proposal will cause disruptions 
in the PVC industry during the time that engineering controls 



i 


are installed and workpractices are evolved. 




K 


I 
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V The net effect of these increased costs will probably be substantial 

^ increases in the price of polyvinyl chloride resins, which will 
Tu, ultimately be passed to consumers. Some industry sources have 
alle ged that the price of resins may double within the next 
few years as a result of the proposed standard. Despite significant 
^ cost increases that may occur, the high demand for PVC resins 

is likely to continue. The superiority of PVC resins to any known 
. / substitutes and the degree to which most PVC users are committed 

Na / 

V / to this material imply that a shift to substitutes is not likely 
«• / to be rapid. 

£ I 3. ALTERNATIVES ^___— X 

^ I The primary alternatives to the OSHA proposal are: (1) 

covering only monomer and polymer producers rather than 
xj compounding and fabricating operations as well; (2) establishing 
a permissible level of exposure higher than no detectable 
/ level up to 50 ppm; (3) utilizing a staging schedule for , 

implementation; and (4) banning the use of vinyl chloride 
\altogether. ' 

The first alternative, by excluding compounding and 
fabricating operations from coverage under the standard, would 
eliminate most companies and most workers covered by the proposal 
from the scop*- of the standard. The exposure levels in most 


compounding and fabricating cot.. 


are probably less than 


1 ppm TWA, hence their exclusion from regulation has been 
proposed by industry. However, evidence was presented at the 
OSHA hearing of June 25, 1974, that many individual companies or 


operations may experience temporary excursions greater tVyin/1 ppm. 
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Since relatively small expenditures should be required 
ascertain current exposure levels in these plants, the risk 
of allowing unacceptable levels In these plants overbalances 
the attendant costs. Moreover, companies in this category 
which find exposure levels slightly greater than the permissible / 

i M 

level would incur a relatively minor expense for ventilating j 
equipment to reduce exposures within the requirement of the 
standard. I [/ 



The second alternative permitting higher levels of exposure 
implies a higher expected incidence of angiosarcoma and other 
cancers. While it is not possible to quantify the expected 
incidence with any precision, the dose-response relationship 
computed by the American Cancer Institute from results 
of animal studies indicates that incidence increases 


exponentially as exposure levels rise. 
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The third alternative would require achievement of 
exposure levels of 1 ppm TWA on a staging schedule that 
takes into account the technological problems involved. 

Most monomer and polymer producers are not able to achieve 
these levels in the near future, consequently, employees 
at these plants would be required to wear respiratory equipment 
for long continuous periods. Wearing respirators continuously 
in itself can constitute on unsafe situation. 

A complete ban of vinyl chloride is likely to cause 
substantial economic upheaval. 




II. BACKGROUND 


On January 22, 1974, the B. F. Goodrich Chemical Company 
informed the Kational Institute for Occupational Safety and 
Health (NIOSH) that four employees vho worked at itB Louisville, 
Kentucky plant died from angiosarcoma, a rare form of liver 
cancer. It was suggested that th*se deaths may have resulted 
from occupational exposure to vinyl chloride. NIOSH conveyed 
this information to the Occupational Safety and Health 

I 

Administration (0S11A), U.S. Department of Labor. On January 24, 
1974, representatives from OSUA, NIOSH, and the Department of 
Labor of the State of Kentucky conducted a walk-through survey 
of the Goodrich Louisville plant. On January 31, 1974, NIOSH 
recommended certain monitoring and control procedures to Goodrich 
and to the Manufacturing Chemists Association for dissemination 
to other firms engaged in the polymerization of vinyl chloride. 

On January 30, 1974, OSHA published a notice in the 
Federal Register (39 FR 3874) announcing a fact-finding hearing 
to be held on February 15, 1974 and requesting information on 
hazards possibly associated with the manufacture and use of 
vinyl chloride. Information was requested on the following items 

(1) The toxicity of vinyl chloride; 

(2) The toxicity of other chemicals involved in 
the manufacture and use of vinyl chloride; 



(3) The technologies involved in the production and 
use of vinyl chloride; 

(4) Employee populations potentially or actually 
exposed to vinyl chloride or other chemicals, 
and involved in the production and/or use of 
vinyl chloride; 

(5) Epidemiologic studies of the effects of vinyl 
chloride and of other chemicals used in the 
manufacture or use of vinyl chloride on 
populations, employee or otherwise; and 

(6) Whether the available information would warrant 
the issuance of an emergency temporary standard 
or the commencement of a regular rulemaking 
under section 6(b) of the Occupational Safety 
and Health Act. 

Evidence presented at the fact-finding hearing and through 
post-hearing comments included the following observations 
pertinent to determining the need for an emergency or regular 
standard: 

(1) Exposure of laboratory animals to VC by inhalation 
for durations approximating those of industrial 
workers at or below the original OSRA standard of 
500 parts per million (ppm) (29 CFR 1910.93) induced 
tumors, including angiosarcomas of the liver; 



11 


if (2) Tumors were observed In groups of animals exposed 

to VC at concentrations as low as 250 ppm, but not 

■ at concentrations of 50 ppm. Further, the data 

M indicate that a decrease in the number of tumors appears 

to be related to decreases in the concentration 
I down to the 250 ppm level; 

(3) Autopsies of four deceased employees revealed that liver 
® angiosarcoma tumors were histologically similar 

V to those observed in experimental animals. 

During the hearing of February 15, 1974, the Industrial Union 
f Department, AFL-CIO, and the United Rubber Workers International 

a Union jointly petitioned for an emergency temporary standard for 

* VC. The Oil, Chemical and Atomic Workers International Union 

jjijjj later joined in this petition. On March 14, 1974, in a telegram 

to the Assistant Secretary of Labor, the President of the United 

■ Rubber Workers International Union also urged that an emergency 

m temporary standard be established. 

Supporting the necessity for an emergency temporary standard 

« 

w was the fact that workers continued to be exposed to levels far 

in excess of 50 ppm. Many employers producing vinyl chloride or 

■ 

■ polyvinyl chloride were complying with the interim controls 

■ recommended by NI0S11 on January 31, 1974. However, a survey of 

several manufacturing facilities by the staff of the Office of 

P Standards Development, OSHA, revealed vinyl chloride concentrations 

as high as 229 ppm for some job classifications. 

■ In light of these facts, an emergency temporary standard 

■ ' 
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was deemed necessary to provide adequate protection to employees 
exposed to VC. 

On April 5, 1974, an emergency temporary standard for 
exposure to vinyl chloride was published in the Federal Register 
(39 FR 12342) and is reproduced as Appendix A to this report. Its 
essential provisions covered the following three areas: 

(1) No employee was to be exposed to vinyl chloride 
at a concentration in excess of 50 ppm in any 
operation where VC is manufactured or used. 

The covered operations included the production 
and use of VC polymers and copolymers, except 
in the form of fabricated products (that is, 
products useful in themselves) or semi-finished 
products (such as film, sheet, block, bar, or 
extrusion stock). 

(2) The covered operations were to be periodically 
monitored to confirm that the employees concerned 
would not be exposed to concentrations in excess of 
50 ppm. 

(3) If monitoring showed a sample in excess of 50 ppm 
and for operations where concentrations greater than 
50 ppm were likely, employees were to be required to 
use air supplied respirators or self-contained 


breathing apparatus. 






On May 10, 1974, a proposed standard was published 
(Appendix B). This proposed standard has been identified 
as an action requiring an environmental impact statement 
in accordance with the regulations prescribed under "Procedure 
for the Preparation and Circulation of Environmental Impact 
Statements" (29 CFR 1999). On June 12, 1974, the draft 
environmental impact statement on vinyl chloride was published. 
Based on information available at that time, it assessed the 
impact that was expected to result from implementing the 
proposed standard. Comments on that statement were solicited 
from industry, labor, government, and other interested parties. 
Beginning on June 25, 1974, OSKA conducted a public hearing 
to obtain comments from interested parties on the proposed 
standard. Participants at that hearing were informed that their 
comments would also serve as comments on the draft environmental 
impact statement. Some parties made separate comments on the 
draft statement; these are reproduced as Appendix C to this 
report. 

This report presents the expected environmental impact of 
the standard proposed by OSHA on May 10, 1974. It has attempted 
to incorporate all pertinent comments, opinions, and information 
which have been presented. 
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hi. hazards of vinyl chloride 

Vinyl chloride (chloroethenc), Chemical Abstracts Service 
Registry Ko. 75015, previously had an OSHA standard of 500 ppm 
because its known toxic effects were thought to be relatively 
insignificant. Studies reported during the 1960’s provided 
evidence of additional health hazards, prompting the American 
Conference of Governmental Industrial Hygienists (ACG11!) in 
1971 to reduce the threshold limit value (TLV) from 500 ppm 
ceiling to 200 ppm time-weighted average. As a result of 
reports of liver cancer deaths among employees at the B. F. 

Goodrich Chemical Company, OSHA issued an emergency temporary 
standard of 50 ppm ceiling on April 5, 1974. To date, 24 cases of 
angiosarcoma have been reported among vinyl chloride workers, 
including 15 in the United States. 

1. SAFETY HAZARDS 

Vinyl chloride (VC) i s a flammable_gas_with a boi ling 
point of approximately - 14°C. It has been used as a refrigerant 
and as an extraction solvent for heat-sensitive substances 
because of its high vapor pressure. However, the substance's 
high flammability, acute toxicity, and readiness to polymerize 
made these uses undesirable. Handling of vinyl chloride 
presents a substantial hazard, since it is normally gaseous at 
room temperature and can form explosive mixtures with air. The 
lower explosive limit is 3.6 percent by volume in air (36,000 ppm); 
the upper explosive limit is 26.4 percent by volume in air (264,000 ppm). 
VC is normally stored or transported in liquid form under 
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pressure, with safety blow-off valves usually provided as a 

precautionary measure to guard against pressure buildup. 

2. ACUTE EFFECTS AND TOXICITY OF VINYI. CHLORIDE 2 • 3 * ^ * 5 
Host early studies involving acute exposure to vinyl 
chloride focused on its narcotic and anesthetic 

characteristics. In the 1930's, vinyl chloride was considered 
suitable for supplementary narcosis because of its slight 
toxicity, wide range of effect, low concentration in the blood 
stream, and rapid elimination. Several animal studies were 
conducted to determine appropriate narcotic concentrations. 

The range for anesthetic effect in animals, generally between 7 
and 10 percent by volume in air, is also assumed valid for 

f 

humans. Dangerous effects appear above 12 percent, and 
fatalities occur in test animals at concentrations between 20 
and AO percent by volume in air. 

Tests on human subjects at concentrations at and below 
2 percent by volume in air (20,000 ppm) revealed symptoms such 
an dizziness, lightheadedness, nausea, dulling of vision and hearing, 
and headaches which often persisted for short periods of time. 
Recovery from these symptoms was rapid under test conditions. 

The gas does not provide adequate warning of its presence by 
any odor or irritant action. It does, however, produce symptoms 
of dizziness and disorientation in advance of harmful effects, 
except when it is present in exceedingly high concentrations. 


l 
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Two fatalities from vinyl chloride poisoning were reported 
in the literature. 

Few pathologic and histologic studies were performed in 
the early experiments dealing with acute exposure to VC. In 
fact, these studies seem to have been somewhat perfunctory. 
Subsequent investigations established definite evidence of 
cardiac irregularities, such as sinus arrhythmia (the gradual waxing 
and waning of the pulse rate), tachycardia (excessively 
fact heart beat) ? and bradycardia (abnormally slow heart beat). 

These particular results seem to have led to the conclusion 
that VC is unsuitable for narcosis and anesthesia in man. Later 
studies on animals showed evidence of pulmonary congestion 
and congestion of the liver and kidneys after short periods of 
exposure to VC. Studies involving longer exposures (3-6 months) 
validated the previous studies, showing some evidence of 
pneumonia, lung lesions, increases in liver to body weight 
ratios, decreases in spleen to body weight ratios, and mixed 
changes in kidney weight."* 

These studies marked the end of research into the acute 
effects of VC and the beginning of research into chronic 
effects. 

3. CHRONIC AM) LONG TERM EFFECTS OF EXPOSURE TO VINYL CHLORIDE 

Fifteen years ago, little v.’as known or suspected about either 
the chronic or the long-term effects of exposure to vinyl chloride. 
Since that time, VC has come under steadily increasing scrutiny 


I 


Q 


9 
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as evidence of its deleterious health effects mounted. Research 
efforts of this period can be divided into three a rcas: (1) those 
brought about by the persistent appearance of an effect on 
liver function and involving the examination of the substance's 
chronic effect on liver function; (2) those delving into the 
nature and etiology of acroosteolysis; and (3) those involved 
with the carcinogenic potential of vinyl chloride. 

(1) Chronic Toxicity from Exposure to Vinyl Chloride^ *^ 

The acute toxicity studies of exposure to vinyl chloride 
repeatedly gave evidence of an effect on liver function, but 
the brevity of exposure and apparent reversibility of damage 
precluded attaching much significance to these results. When 

i 

an investigation was finally conducted to determine the effect 
of longer-term exposure at lower concentrations, micropathologic 
changes and increased liver weight were clearly identified in 

O 

several animal species. In a study designed primarily to 
indicate the value of a technique correlating clinical and 
environmental measurements, statistically significant alterations 
were found in clinical liver tests using measurements of 
beta-protein, bromsulphalein, and the icterus index among workers 
exposed for several years to vinyl chloride. 

These animal and human studies were not accorded much 
importance, because of the belief that liver functions would 
return to normal when exposure to VC ceased. Reports of diseases 
of the liver, skin, and other organs and studies of hypertension, 
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vascular lesions, nervous system injuries, kidney damage, and 
scleroderma (hardening of the skin) were similarly given 
little weight. More recently, evidence^ of lung changes 
and neurologic damage has come to light. When vinyl chloride 
was implicated as a cause of liver angiogarcoma, several clinical 
studies were initiated to determine the presence of pathologic 
abnormalities among workers. One study 20 made a comprehensive 
examination of workers in a polyvinyl chloride plant which had 
been in operation since 1946. The results of this study provided 
some evidence of peripheral vascular disease, enlargement of 
the liver and spleen, increase of alkaline phosphatase levels, 
and pulmonary disease. So far, the only significance that can be 
attached to these results is that evidence of liver dysfunction 
may have represented the first stages of angiosarcoma. Further 
clinical studies are required before the full significance of 
such abnormalities can be appraised. 

(2) Acroosteolysls ^>9,10,11,12,13,14,15 

In the middle 1960's, reports emerged of a disease which 
appeared among workers involved in the polymerization of 
vinyl chloride. This disease, the "hand problem" or occupational 
acroosteolysis, is marked by soreness and tenderness of the 
fingertips. In some cases, it is accompanied by Raynaud's 
phenomenon (blanching and numbness of the fingers) and by skin 
lesions. In most cases no symptomatic complaints were registered; 
presence of the disease was found only through X-ray examinations 
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of the hands, which indicated osteolysis of the fingers (i.e. 
the destruction of bony tissues). 

As a result of these initial findings, an extensive 
epideniologic» industrial hygiene, and clinical study of 

12 13 1A 

occupational acroosteolysis was performed in the late 1960's. ’ * 

Since the disease had been found only among workers engaged in 
various phases of vinyl chloride and polyvinyl chloride 
manufacturing, the study focused only on these industries 
with the purpose of identifying the loci of the disease. This 
study found that workers who developed acroosteolysis had 
been involved at one time or another in manually cleaning reactors 
used in polymerization. The study also suggested that unrcacted 
vinyl chloride was the cause of the disease, although the 
precise etiology could not be delineated. Cenernlly, it was 
found that the incidence of acroosteolysis was substantially 
reduced by the introduction of more automated cleaning of the 
reactors. 

In a later study of acroosteolysis, a more detailed examination 
of workers was undertaken.Although soreness and cold sensitivity 
in the fingers were generally the only symptoms identified 
in the earlier clinical studies, the workers involved in this 
study also indicated general complaints of excessive tiredness, 
forgetfulness and slowing down, dizziness, nausea, increased 
perspiration and upper abdominal pain. Studies of X-ray results 
were consistent with the earlier findings. Detailed internal 
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examinations shoved many abnormalities, including light to 
serious thrombocytopenia (small number of platelets in the 
circulating blood); enlargement of the spleen; toxic liver 
damage; veutilation blockage; circulatory obstruction; and 
6kin and bone alteration. Although these symptoms have not 
yet been aesigned to a known syndrometv>r have their pathogeneses 
been elaborated, the evidence at this point strongly indicates 
that vinyl chloride is the etiologic agent. 

(3) Carcinogenicity of Vinyl Chloride 6,9,16,17,18,19,21 

Evidence that vinyl chloride has a carcinogenic effect 
first arose from a study designed to examine more fully the 
nature of acroosteolysis. The first observations of tumors 
were reported by Viola in 1970. He exposed Wistar rats to 
3 percent (30,000 ppm) concentrations of vinyl chloride for a 
period of 12 months.^ In these experiments, skin, lung, and 
bone tumors were observed. While these results were statistically 
valid, they were not viewed with alarm, since the concentration 
of VC was near the explosive limit and was not likely to be 
found in industrial situations. Nonetheless, Viola's results 
did indicate the need for an extensive investigation into 
the type and degree of VC's carcinogenic potentialjwith special 
attention to experimental conditions. 

On January 22, 1974, the National Institute for Occupational 
Safety and Health (NIOSH) was informed of three deaths from liver 
angiosarcoma among workers at the B. F. Goodrich Company in 
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Louisville, Kentucky. Since then, a total of 18 cases of 
liver angiosarcoma among PVC production workers and one case 
among VC monomer production workers have heen identified 
Thirteen of these cases occurred in the United Stnteai seven 
at the B. F. Go< irich plant in Louisville, Kentucky; three at 
the Goodyear plant in Niagara Falls, New York; two at the Union 
Carbide plant in South Charleston, West Virginia; and one at 
the Tirestone plant in Fottstown, Pennsylvania. In addition, 
three other cases of angiosarcoma have been identified as 
possibly resulting from vinyl chloride exposure: two workers in 
PVC fabricating plants and a person who lived within two tulles 
of a fabricating plant developed angiosarcomas. The significance 
of these last three cases is still somewhat in doubt. 

1. Results in Animal Studies 

Subsequent to Viola's work, studies by Cesare Maltoni and 
by the Industrial BIO-TEST Laboratories were initiated to define 
more completely the carcinogenic hazards of vinyl chloride. At 
OSIIA's public hearing on February 15, 1974, Maltoni 19 indicated 
that liver angiosarcoma had been observed in Sprague-Dawley rats 
exposed to VC concentrations as low as 250 ppm. On April 15, 

1974, 0S1LA was informed that BIO-TEST had observed two cases of 
angiosarcoma in mice exposed to 50 ppm. In testimony*^ *^3 
presented at the public hearing on June 25, 1974, further results 
from Maltoni showed angiosarcoma at 50 ppm in rats.Later results 
from BIO-TEST revealed angiosarcoma in hamsters. In all these 
animals, the following types of tumors were observed: Zymbal 
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gland carcinomas, li% r or angiosarcomas and angioraaG, kidney 

► 

nephroblastomas, skin carcinomas, intra-abdominal angiosarcoma, 
subcutaneous angiopericitoma, pulmonary tumors, mammary carcinomas, 

and liver fibroangiomas. The angiosarcoma observed in 

the test animals was of the same morphological type as that 

observed in the B. F. Goodrich workers. This provided the first 

clear evidence that vinyl chloride was probably (lie eli..‘logic 

cause of liver angiosarcomas among vinyl chloride workers. 

Having established the causative effect of VC, the next stage 
of the animal studies involved determining the dose-response 
relationship between vinyl chloride and liver angiosarcoma and 
the appearance of other tumors. The results of one of Maltoni's 
experiments revealed the following incidence of angiosarcoma in 
Sprague-Dawley rats following 52 weeks of exposure and 135 weeks of 
observation: 

Angiosarcomas 

Dose (ppm) Positive/Total 


0 

0/66 

50 

1/64 

250 

4/67 

2,500 

13/74 

6,000 

14/72 

10,000 

9/69 


These results can be fitted to several models to determine risk 
level (the level of exposure that would be expected to induce one 
case) and response rate (the number of cases that would be 
expected at a particular level of exposure). The use of the 






23 


probit and logit madels, baaed on different mathematical 

representations of the data, wna demonstrated at the public 

bearing of June 25, 1974.^ At their present stage of development, 

however, they are only hypotheses as to the form of the actual dose- 
response relationship. The selection of a "most appropriate" model or 
discovery of a scientifically verifiable safe level must await 

experimental verification. The results of the applications ore given 

in Tables 1 and 2. Table 1 (risk levels) shows the level of exposure 

to vinyl chloride in parts per billion (ppb) that would induce liver 
angiosarcoma in Sprague-Dawley rats at the indicated risk level. Thus 

for example, the first entry in the top line indicates that at 
an exposure of 225 ppb, 1 rat in 100,000 exposed would be 
expected to contract liver angiosarcoma. Table 2 (response 
rates) shows the probability that a single Sprague-Dawley rat 
would exhibit liver angiosarcoma at a given dose level. Thus, 
the first entry in the top line shows that 0.028 or 2.8 percent 
of rats exposed to 50 ppm would be expected to contract liver 
angiosarcoma. The table includes levels below those at which 
animal experiments have hertofore been performed, such as 25, 

10 and lppm. 

The results of these studies have only slightly advanced the 
understanding of the carcinogenicity of vinyl chloride. They 
highlight the many unknowns that need to be clarified before a 
definitive extrapolation to humans can be made. The results to 
date, along with the human experience, suggest the existence of 
a long latency period. In fact, they indicate the possibility 
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TABLE 1 


Extrapolated 'Safe' Dose Level (ppb) Using Maltoni's Liver 

(99% Assurance Level) 


Angiosarcoma Data* 


• t v 

E xtrapolo t jot edel 

Probit (Slope = 1, Mantel-Bryan) 
Logit (Slope = 3.454) 

Logit (Slope = 2.303) and "One-hit" 


Risk Level 


10' 5 

10" 6 

itf 7 

icf 8 

225 

73 

26 

10 

553 

119 

26 

5.5 

21 

2.1 

0.21 

0.021 


* Only the data up through dose level 500 ppm, but not higher, were used 
since the response curve flattened out at higher levels. 


TABLE 2 


Estimated Response Rates: Liver Angiosarcoma 
(99% Upper Confidence Limit) 


Model 

Probit (Slope => 1) 

Logit (Slope = 3.454) 

Logit (Slope = 2.303) and "One-hit" 


Dose(pp m) 

50 25 _10_1_ 

0.028 0.013 0.0044 0.00015 

0.0085 0.003 0.0003 O.0C0O2 

0.02 0.0071 0.0018 0.0C006 
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that, at low dosage levelc, the onset of cancer may not occur 
during the average lifespan of humans. Many of the 
experimental animals did not exhibit angiosarcoma until late in 
their lives, and many died, not as a result of the 
angiosarcoma, but from other causes. Further, the results of 
these Btudies suggest that differences between species have an 
effect upon the incidence of angiosarcoma. This however does not 
mean that man is necessarily less sensitive than the animals tested. 

A conservative view is that man is probably at least as 

sensitive as the rat. Although the rat has a shorter lifespan 

than man,?the rat's metabolic rate is more rapid than man's—thus it 

could be construed that the rat exhibits a proportionally 
accelerated version of the possible response in man. These studies 

also demonstrate that different organs and sites in the body are 
Busccptiblc to vinyl chloride carcinogenesis at different rates, 
with the possibility that the angiosarcoma may not actually be 
tlio most significant effect. The relative importance of vinyl 
chloride's various effects still needs to be adequately delineated. 

Another area which demands further study is the effect of 
vinyl chloride on unborn children. In Kaltoni's experiments, two 
subcutaneous fibrosing angiosarcomas were observed in offspring of 
Sprague-Dawlev rats exposed to 6,000 and 10,000 ppm. The 
significance of these findings is as yet unclear. However, this 
result does indicate that vinyl chloride appears to have a parent- 
teratogenic effect, a phenomenon which is common to other carcinogens. 
Further study into this problem is clearly required to determine 
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whether Additional precautions should be taken to protect 
pregnant women from exposure to vinyl chloride. 

In regard to the nechanfe® of vinyl chloride once it enters 
the body, it has been suggested that VC is not the ultimate 
carcinogen!^ Preliminary results from an ongoing study indicate 
that up to a level of approximately 200 ppm vinyl chloride is 
metabolized by alcohol dehydrogenase. Above this level, it is 
apparently metabolized bv microsomal oxidases. It has been suggested 
that metabolism through the microsomal oxidases route may produce 
the ultimate carcinogen. However, since thi3 action 
can occur at levels below 200 ppm, this 

does not preclude the possibility that VC is carcinogenic at 
low doses. 

2. Exposure Level for Humans 

The most definitive way to establish a "safe" dose level for 
humans is to examine the data on past exposures and relate it to 
the occurrence of angiosarcoma. However, data is not available, 
and the available evidence on the possible effects of exposure 
can be consideredas only tentative and preliminary. 

In view of the relative scarcity of angiosarcoma in the U.S. 
population, the relationship of the cases identified to date and 
vinyl chloride exposure shown in Table 3 presents strong evidence 
that VC is a human carcinogen. This data also shows that the 
time lapse from the initial VC exposure to diagnosis of 
angiosarcoma ranged from 11 to 36 years, with an average of 21 
years, suggesting the existence of e latency period for the cancer. 
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TABLE 3 

m m 

a m i 

m m 

1 “ “ 

i mm 



CONFIRMED CASES 

OF LIVER 

ANGIOSARCOMA AMONG 

WORKERS 

EXPOSED 






TO VINYL CHLORIDE OR POLYVINYL CHLORIDE 








1st VC 

DX 

AGE 

YRS 

TOT 




CASE 

BIRTH 

or PVC 

ANGIO- 

AT 

1st EXP 

YRS 

DATE OF 


COUNTRY 

# 

DATE 

EXPOSURE 

SARCOMA 

DX 

TO DX 

EXP 

DEATH 





VC MONOMER PRODUCTION WORKERS 





Sweden 

02 

11-27-11 

00-00-45 

05-15-72 

61 

27 

23 

08-16-72 





POLYMERIZATION WORKERS 






United States 

01 

00-00-22 

12-09-48 

03-00-71 

49 

22 

16 

03-03-73 


United States 

02 

00-00-34 

11-15-55 

05-00-70 

36 

14 

13 

09-28-71 

. 

United States 

03 

00-00-15 

11-28-45 

12-00-73 

53 

23 

23 

12-19-73 


United States 

04 

00-00-24 

07-05-52 

03-00-67 

43 

15 

15 

01-07-68 


United States 

05 

00-00-12 

06-19-44 

04-00-64 

52 

20 

18 

04-09-64 


United States 

06 

00-00-29 

01-17-62 

02-00-74 

45 

12 

12 

ALIVE 


United States 

07 

05-03-22 

08-00-44 

00-00-68 

45 

24 

18 

03-23-68 


United States 

OS 

05-06-20 

10-07-46 

08-00-61 

41 

15 

15 

OS-29-61 


United States 

09 

00-00-31 

05-28-45 

03-01-74 

43 

29 

17 

ALIVE 


United States 

10 

03-16-13 

06-00-51 

05-00-68 

55 

17 

17 

05-10-63 


United States 

11 

05-27-09 

10-14-46 

03-00-70 

61 

23 

23 

03-16-70 


United States 

12 

11-17-18 

09-13-49 

05-00-69 

50 

20 

15 

05-02-69 


United States 

13 

12-01-21 

08-19-44 

05-00-74 

53 

30 

30 

ALIVE 


W. Go many 

01 

07-26-31 

10-14-57 

00-00-71 

40 

14 

14 

12-14-71 


W. Gernany 

02 

06-04-30 

10-01-57 

00-00-69 

39 

11 

11 

01-25-69 


Great Britain 

01 

00-00-01 

00-00-46 

12-00-72 

71 

26 

20 

12-00-72 


Norway 

01 

12-23-15 

03-00-50 

12-20-71 

56 

22 

21 

01-04-72 


Sweden 

01 

06-23-27 

08-14-51 

02-00-70 

43 

19 

18 

10-20-70 





SECONDARY MANUFACTURING 





United States 

14 

00-00-13 

OS-18-38 

06-00-73 

60 

36 

00 

07-03-73 


United States 

15 

00-00-25 

00-00-00 

07-00-72 

47 

00 

00 

02-15-73 

ro 

Note: '00' indicates unknown date 







CD 

DX - Diagnosed 

• 




• 

• 

• 
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The exact exposure levels of VC .experienced hy the workers 
who were stricken with ungiosarccma are not known. However, 
evidence presented at the public hearing 

Indicated that, at least for the U.S. cases, 
exposures during the 19-'.0's and 1950's were estimated hy industry 
to be extremely high, frequently over 1000 ppm and commonly in the 100 pp 
rt w;e. This would seen to indicate that VC carcinogenicity for 
humans night only occur as a result of high exposure levels. On the 
other hand, two cases of angiosarcoma that ocetired In 11.S. 
workers conflict with this hypothenis. One worker was first 
exposed in 1962 and since that time worked in areas where the 
exposure levels averaged below 200 ppm TWA. The other case 
worked In an extruding operation and was probably never exposed 
to a lev:1 above 50 ppm (with TWA's much lover). These two 
cases cast doubt on the existence of a "safe" level for humans. 

At this time, a major epidemiologic study of the 

relationship between VC levels and carcinogenicity is the 

26 

Tabershow/Cooper study of 83S4 vinyl chloride workers employed 
in 35 domestic VCM and PVC plants. Workers, employed for at 
least one year in a job involving vinyl chloride exposure, were 
subjectively classified according to un index representing their 
relative exposure level. Results were analyzed for the overall 
study population according to the estimated levels of exposure, 
the durations of exposed employment, and the valuos of the 


exposure index. 
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The primary finding of the study was that those exposed to vinyl 
chlorida did not suffer a statist! cally . significant mortality 
rate increr.3« ovsr that would be oxpectad in a comparable 
U.S. male population. Othar important findings vara that cancels 
of tho livar (primarily angiosarcoma), the raepiratory system, 
the brain, the lymphatic system, end unknevn primary aiten 
occurred Boat frequently in those members of the study population 
who cufftrcd tlia greatest exposure. Even though these excesses 
vero not statistically significant, tba findings warranted 
further*study.. 

Tha results of this epidemiologic otudy do not definitively 
establish th* ccae for or against VC carcinogenicity. Tha 
tentative conclusion of an increased number of a&lignant 
tvaoplssns with VC exposures raised tha possibility that vinyl 
chloride he? a more vide-renging effect than liver angiosarcoma 
elona. 

Further study and analysis of this 
data seen warranted, ouch aa by the further devolopmsnt of 
worker hietories end by tho analysis of each plant by exposure 
levels, months of employee exposure, length of tic>a since exposures 
cease, and ages of the workers. Such on investigation night 
include tha development of a population of chemical 

workers with which to compare the subset of vinyl chloride 
workers. In addition, an epidemiologic Btudy of workers from 
cocjounding and fabricating plants might be useful. 
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In viewing any epidemiologic data, conclusions drawn have to 
be tempered by the consideration that the full effects of past 
exposures among workers nay not have yet surfaced because of the 
latency period associated with VC carcinogenesis. Other unknown 
factors include the effects of single or intermittent exposures 

♦ 

at high or low levels end the effects of small differences in 
exposure level (such as between 15 and 25 pr.n) on the onset of 
cancer. 
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IV. ' OCCIT *-.T TONAL ! J. 7 ’'/t TO _V 


An assessment of the health fc««d from exposure to vinyl 
chlorldo must include an c.tim«t« of the number of vorkara 
exposed, a determination of their put end present exposure 
levels, and an appraisal of the nW>er of workers who nay be 
expected to contract liver ai\kfon*rcoaa or other foir-s of 
cancer as a result of these exposures. A full characterization 
of employee exposure to vinyl chloride, however, cannot be 
accomplished at this point slnr.A very little information is 
available concerning the levels to which workers have been 
exposed in the past. A reliable model to predict the expected 
number of cases cannot be formulated because of the lack of 
data on past exposures and of the mechanism of vinyl chloride 
carcinogenesis. Consequently, this chapter only attempts to 
describe the primary potential sources of occupational exposure 
to vinyl chloride. 

Vinyl chloride (VC) is used primarily in the production of 
pblyvinyl chloride (PVC), a thermoplastic resin which haB 
application in a host of products for consumers and industry. The 
conversion of the VC monomer Into a polymer or copolymer is an 
incomplete process, i.e., not all of the monomer is reacted. 
Furthermore, despite the fact that the process of stripping 
removes most of this monomer from the polymer resin, it only 
partially accomplishes this function. Consequently, residual 
monomer is usually entrapped In polymer and copolymer formations, 
and often escapes — thus powinK a workplace hazard in both 








FVC and VC plants. The VC content and form of the polymer 
determine the rate at which VC separates, and the extent of 
exposure that will occur. Even after the polymer has been 
fused into a product which will undergo no further heating in 
bulk (at least to melting temperatureo)., escape of the vinyl 
chloride may still occur because of migration to the surface. 

The OSHA proposed regulation excludes companies using fabricated 
products since no facts are available to show measurable emissions 
from fabricated products. 

Manufacturing processes involving VC or PVC (containing 
entrapped monomer) fall into five distinct categories. Figure 1 
presents a schematic which shows the interrelationship of these 
process stages. These are: 

o Production of vinyl chloride monomer; 

o Production of polyvinyl chloride homopolyner or copolymer; 

o Compounding of PVC homopolymers or copolymers vrlth 

plasticizers, stabilizers, lubricants, fillers, pigments, 
and other additives; 

o Processing of compounded PVC into finished or semi-finished 
products; and 

o Fabrication of finished products from intermediate stock. 

The fourth stage may yield finished products or semi-finished 
products UBed in the fifth stage. Since companies in the fifth 
stage will not be regulated, this report will examine only the 
first four stages to estimate the number of workers exposed and 





Figure 1. Manufacturing Processes Involving 

Vinyl Chloride or Polyvinyl Chloride 
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the level of their exposure to vinyl chloride. 

1. PRODUCTION OF VINYL CHLORIDE 

Vinyl chloride firct attained commercial significance during 
the 1930'8 after the discovery that PVC could be processed and 
converted into a rubber-like product. The ready availability 
of natural rubber limited development of VC manufacture prior 
to the outbreak of World War II. When the war cut off cupplies of 
natural rubber, production of vinyl chloride for PVC, as a 
rubber substitute, was initiated on a large scale. Developments 
since that time have made vinyl chloride one of the most 
important starting materials of the plastics industry. 

(1) Procers Descriptions ^->2,3,5,6,7 

Vinyl chloride is presently produced by 10 companies in 
lj plants in the United States (including Puerto Rico), as 
Bhovn in Table 1. The substance was initially produced by the 
caustic hydrolysis of ethylene dichloride, subsequently by the 
pyrolysis of ethylene dichloride to vinyl chloride and hydrogen 
chloride, and still later by the hydrochlorination of acetylene.^ 
Most recently, a newer process involving the oxychlorination of 
ethylene has become increasingly prominent in VC production, 
so that presently 13 plants, with almost 92 percent of the 
capacity, are using the ethylene route. 

Hydrochlorination of Acetylene - In this process, also known 
as the balanced process, vinyl chloride is produced by the 


hydrochlorination of acetylene, usually with mercuric 
chloride as the catalyst. A flow diagram for this process is 






Table 1 


Vinvl Chloride Monomer Producers 


Company 

Allied Chemical Corporation 

American Chemical, Inc. 

B-^F. -Goodrich Chemical Company 


Location 

Baton Rouge, La. 
Watson, Calif. 
Calvert City, Ky 


Nominal 
Capacity 
(MM lb.) 

300 

170 

1,000 


.n 

Process 

Direct and oxy chlorination 
.. »■ 

it •• 


Continental un v.oTmany 

Do - - Chemical Company 

Freeport, Texas 

Oyster Creek, Texas 

180 

*700 

Direct chlorination 
»» ** 


Plaque-mine, La. 

340 


Ethyl Corporation. 

Baton Rouge, La. 

270 

Direct and oxychjorinacion 
»» •» 

Houston, Texas 

150 


Mono:hem, Inc. 

Ceismar, La. 

35C 

Ar.et' lene 


PTC Industries 

Shell Chemical Co. 
Tcnneco Chemicals, Inc. 


Cuayanilla, P. R. 
Deer Park, Texas 
Norco, La. 
Houston, Texas 


ouu 

840 

700 

255 

6,68Q 


Acetylene 


Sources: See Bibliography, references 1, 2, 3, A. 
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shown in Figure 2. Acetylene and hydrogen chloride are first 
passed through a drying tower and then mixed in a chamber 
packed with activated charcoal. This mixture ia passed 
through several hundred vertical tubes in which the catalyst is 
packed. The temperature of these tubes is limited to ranges 
which permit the reaction to take place. The product gases 
are then fractionally condensed, and the liquid condensate 
fractionally distilled to obtain vinyl chloride. The VC is 
finally purified by caustic scrubbing. Most of the variations 
in this process arise from the use of different catalysts 
or mixtures of catalysts. Use of this route in the United 
States has been declining due to the reduced availability 
of acetylene feedstocks. 

Oxychlorlnation of Ethylene - Ethylene can be directly 
chlorinated to produce vinyl chloride; however, difficulties 
with this technique have led to VC production from ethylene 
through the intermediate formation of 1,2-dichloroethane 
(also called ethylene dichloride) a process used by several 
plants in the United States, Japan, and Europe. A schematic 
of this process is shown in Figure 3. There are several 
variations of this process which have demonstrated commercial 
feasibility. Differences among these generally arise 
in the amount of recycling or in the materials used as catalysts. 

The EDC comes from two sources: chlorine combined with 
ethylene in a liquid phase reaction with a dissolved catalyst 










FIGURE 3.. MANUFACTURING OF VCM El DIRECT 
CHLORINATION AND OXICHLORTiTATIOH 



Direct Chlorination: C 2 J]^ + Cl 2 —<*• CH 2 C1-CII2C1 (EDC) 


O^rchlorinatlon: C 2 H^ + 2HC1 + -^02 -^ CK 2 C1—CU 2 C1 (EDC) + 

Cracking of EDC: CH 2 C1-CH 2 C1 (EDC)-» CH 2 -CHCL (VCM) + HC1 










(in a chlorinator) end ethylene combined with hydrogen 
chloride and oxyg =n in a vapor phase reaction with a catalyst 
(in an oxychlorination reactor). The crude EDC from these 
two unito iG then purified by distillation. The filial 
operation involves the thermal cracking (pyrolysis) of this EDC 
to fora v*nyl chloride and anhydrous hydrogen chloride. The 
resulting effluent is then separated by fractionation. The 
vinyl chloride in stored, the hydrogen chloride is passed back 
to the oxychlorination unit, and unreacted EDC is recycled. 

(2) Uorker 

Since vinyl chloride is produced in outdoor plants, the 

build-up of the substance in the workplace is less than that 

observed during the subsequent process stages involving the 

monomer or polymer. The job categories of workers at VC 

production plants are shown in Table 2. No data is 

currently available showing the number of people nationwide who 
v 

are employed in each category. At the OCHA hearing on 
February 15, 1974, the Manufacturing Chemists Association 
estimated that 1,500 people work in monomer production. However, 
since monomer plants differ significantly in age, type, and 
degree of automation, it is not possible to validate this number. 
For example, PPG Industries states that it employs between two 
and four workers per million tons of stated capacity. Based on 
this figure, che number of workers in monomer plants would be 
estimated at 1,700 to 3,300. However, it is not possible to 
characterize euch plants for the purpose of categorizing workers 
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Table 2 


Job Categories of Workers 


Vinyl Chloride Plrntr 


Control Operator 


Material Controller 


Distillation Operator 


Millwright 


EDC Operator 


Electrician 


OXY Operator 
Pipefitter 


Instrument Technician 


Quality Control Specialist 


Laboratory Technician 


Sample Han 


Laborer 


Shift Supervisor 


Loadiug Operator 


Tank Farm Operator 


Maintenance Worker 


VCM Operator 
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I 

according to exposure levels. As n result, exposure data 
can only be addressed In general terns, until a comprehensive 
! . survey of the industry can be conducted. 

An estimate of the number of workers in each job classification 
is necessary for any characterization of the total hazard of 

i 

vinyl chloride production, aince data presented to OSHA has 

1 

indicated dij ferent peak and time-weighted-average concentrations 
for the various categories. The major sources of exposure 
under normal conditions are judged co be: 

o Sampling and analysis of vinyl chloride for quality control; 
o Loading of vinyl chloride for shipping; 

i 

o Entry of vinyl chloride containing vessels for maintenance 

1 

and repair work; and 

I 

o Leaks of vinyl chloride in the process area. 

Some sampling data indicate peak concentrations over 200 ppm 

for laboratory technicians, over 150 ppm for loading operators, 

and near 50 ppm for quality control specialists. Time-weighted- 

I m 

averages generally fall well below 50 ppm. Since these results 

were obtained prior to the emergency temporary standard, they 

. possibly do not represent current levels of exposure to vinyl 

chloride. Thus, this information should be viewed only as 

] 

indicative of the categories of workers where high exposures to 
VC may occur. 



I 

I 

I 


























2. PRonucT 'J^crjnrjrL cht.orid?; roLYvuR / v >m C QP oi.v?rrw ritins 


Virtually all vinyl chloride produced in the United States 
and not exported is used to manufacture either vinyl chloride 
honopolymero or vinyl chloride copolynerized with such 


monomers as vinyl acetate, vinylidene chloride, and acrylates. 

Generically, these homopolymers and copolymers are known as 

polyvinyl chloride (PVC) resins. They are Generally found 

In the fora of powders which, after being compounded with a 

variety of additives, are processed to produce a large variety 

of plastic or resinous end products. Table 3 lists the 22 

companies and 37 plants in the United States who produce 

the homopolymer resin, as well as the capacity of each 
19 

Plant. Additional plant openings and the expansion of present 
plants that are currently planned are estimated to add to 
the capacity by approximately 2,000 million pounds. 19 

Host commercial resins have molecular weights between 
30,000 and 120,000, the weight being a determinant of the resin’s 
processing and performance characteristics. These 
characteristics are also affected by the specific additives 
with which the resins are compounded. Since theoretical 
results do not definitively indicate what mixtures 
will give rise to what properties, formulation and processing 
is largely a matter of experience. 
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Air Products & Chemicals, Inc. * * 


American Chemical Corporation 1,3 
Atlantic Tubing & Rubber Company 
B.A.S.F. Wyandote Corporation 3 
B. F. Goodrich Chemical Company** 3,4 


_ . _ 1,3,4 

Borden, Inc. 

Continental Oil Company* 

Diamond Shamrock Corporation 1 
3 

Dow Chemical 
Ethyl Corporation* 

Firestone Tire & Rubber Company 1,3 

General Tire & Rubber Company 1 

Goodyear Tire & Rubber Company 1 

Great American Chemical Corp. 1 
Hooker Chemical Corporation 1,3 

Keysor Century Corporation** 3 
Monsanto Company 
Morton-Norwich Products, Inc. 3 
National Starch & Chemical Corp. 1,3,4 
Olin Corporation 1*3 
Pantasote Company 1,3 



able 3 

and Cor>olvmgr Realn Producers 


Location 


Kameplate 

Capacity 
(MM lha.) 


Calvert City, Ky. 
Pensacola, Fla. 

Long Beach, Calif. 
Cranston, R.I. 

South Kearney, N.J. 
Avon Lake, Ohio 
Henry, Ill. 

Long Beach, Calif. 
Louisville, Ky. 
Pcdricktown, N.J. 
Xlliopolia, Ill. 
Lconinoter, Mas3. 
Aberdeen, Miss. 
Oklahoma City, Okla. 
Delaware City, Del. 
Deer Park, Texas 
Midland, Michigan 
Baton Rouge, La. 
Pcrryville, Md. 
Pottsto:,-n, Pa. 
Ashtabula, Ohio 
Foint Fleascnt, W. Va. 
Niagara Falls, N.Y. 
Plaquemine, La. 
Fitchburg, Mass. 
Burlington, N.J. 
Hlcksville, N.Y. 
Saugus, Calif. 
Springfield, Mass. 
Ringwood, Ill. 
Mercdosia, Ill. 

Aosonet, Mass 
Passaic, N.J. 


150 

50 

150 

Unk. 

Cnk. 

140 

140 

140 

340 

170 

140 

ISO 

2S5 

240 

ICO 

270 

Unk. 

ISO 

230 

270 

125 

50 

ICO 

100 

40 - 

180 

15 

35 

70 

Unk. 

10 

150 

60 


' 7o" 
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Location 


Vi nyl Chlorldft . Polyaer and Co poly^ Ro«^ ^- 


Company 


Robintcch, Inc . 1 
S.C.M. Corporation 3 
Stauffer Chenical Company 1 
Tenncco Chcaicals, Inc. 1,4 

Union Carbide Corporation 1 '^ 

1 

Uniroyal, Inc. 

W. R. Grace and Company 3 


T7 Hocopolymer. 

4/ chlor ' de - P r °P 7 lene. 

!/ ' vl! »’ 1 “«ate copolyaer. 

Sources ^ 1 1 

DiDixogitephy references 2 , 12 , 13 , 14 , 


Painsville, Ohio 
Huron, Ohio 
Delaware City. Del. 
Burlington, N.J. 
Flcnington, N.J. 

South Charleston, W. Va. 
Texas City, Texas 
Painoville, Ohio 

C;-:en sboro, Ky. 

South Acton, Mass. 


Nareplate 
Capacity 
Olf lba.l 


( 


* 


42b 







43 


Four p'.’rocc 6 seD arc employed In polymerisation or 

copoly^.•:«: ^ . 1 «t^ ,S1 ‘ ,; suspension, emulsion, and solution. 

T.e bul'. ••tvo#** « d *T proceas requiring no water, 

ouEpcm'Jnt ‘t cr emulsifiers. The other three processes 
require vents, or other liquids, but they are 

ulnilnr oivvfch to use the same equipment, although each 
plant usually itself to only one process, Polymeriza- 

tion of ivMivwfs io initiated by free radicals produced by 
thermal wxwjM'ttKion item peroxides, nzo compounds, and 
persulfttM* 1 ,us ratc of polymerization and the molecular 
weight CtiStlhulion of the resin ere largely determined by 
the temptrUMto of the reaction aid the concentration of 
initiator#- Oruerol schematics for the bulk, suspension 
and emu 1 #.-.out pwcesscs are shown in Figures 4 and 5 . 

(1) Trwyan Descriptions ^ * ^ ^^ >15 

In th# States, approximately 78 percent of 

PVC resin# v* pvoduced by suspension polymerization, 

13 pereert >< pulsion polymerization, 6 percent by bulk 
polymerirx^.v“ 4 \ 3 percent by the solution method. 

Tfic bulk po.V>*^#y Uatica proce s is relatively new and has 
been used to* ** increasing proportion of the production 
of PVC re mm; v* t'Jce—t years. 


(3 






















FIGURE 5. 


MANUFACTURING OF PVC BY SUSPENSION 
AND EMULSION polymerization 


I 

l 

I 
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Su« : ■ -i:-~ ?c? -. .- rl ration - 7M e procc-no is eosentially 

a batch TT?Ci'3 generally car rU-fi out in glaso-lined reactors 
havir.f e zxr.z-zi-sT of 2,000 to 6,000 U.S. gallons. Monomer 
soluble Vrirfimrs, such as lnuro/7., decanoyl, and benzoyl 
perorides. fitiolvcd In liquid monomer dispersed in 
water r-t irm £ suspension. Tbe reactor is first charged 
with t:u rsrrtrif amount of deionised water. Then the 
disperfunc. l naffer, and the init lator are added. Oxygen 
is evanami frm toe reactor, ami the vinyl chloride 
Gnd an- rracrrrjer are fed in. Agitation (tc increase the 
degree ~ aa_^rerrE.tn) is begun, and the cor rants of the 
reactor rm rtrzrt up to the polvv. orizaticr. temperature 
(45*-6fTT. ± zrt i r zLic ten to sixteen hours rc the 

po 1 ymrrrrrcar rmraxos,•the content* of the reactor (the PVC Glurry) , 

are dus~=a rrro £ large veasel and excess viiyl chloride 

1g rccrerm irr rrorillation and revise. Thr slurry is then 

blende. ~~ - rt--rr batches in another vessel ro reduce 

email n nrru zn dehydrated bv o coetimuus solid bowl 

centrists: — *r^_r a polymer eaVt ..vot&ining about 20 

perccr. .'xrrmrrx. Tie polymer is tViol.lv drfcd in a flash 

dryer: zn. nur.u particles art iwceed on; by passage 

throu? rr- enarator. The icvviuct is :fcen screened 

end sen — .mat 








Krrul • ' on Po l yr^r i r.r. t jon - This process is very similar to the 
suspension process, and is primarily used to produce 
exceptionally fine particles. There are two primary differences: 
(1) The suspension process uses mechanical mixing, while the 
emulsion process usee surfactants and agitation to convert the 
monomer to a stable emulsion containing very small monomer 
particles and; (2) In the emulsion process, the polymer is 
separated from the writer by spray drying, which the nature of the 
polymer necessitates. While this process is more costly, it is 
important to users who need PVC in liquid form. In addition, 
this type of polymer has the ability to form a paste when combined 
with a plasticizer. In some cases, the slurry is not dried, but 
instead is produced in a latex form. i 

Bulk Polyracrizatfon - In this process, vinyl chloride is 
polymerized without the addition of other liquids and in the 
presence of a free-radical initiator. A portion of a day’s supply 
of monomer is initially pumped into a prepolymerizer. 

The mixture from the prepolymerizer, together with an equal 
amount of fresh monomer, is transferred into an autoclave equipped 
with slowly rotating agitator blades where the reaction is induced 

( O'V'-br let, I, ) : J 

by high pressu res. The reaction is autocatnlytic and accelerates ) 
with increasing conversio n of the monomer. After the uonomer has 
been converted, unreactcd monomer is removed by a vacuum and 
recovered in a recycle condenser. The resin is transferred to a 


^ ) I 
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renin receiver. Fines arc collected in a dust separator and 
removed through a manhole. The output of bulk processing 
plants is acid to be more than twice that of good suspension 
plunts of comparable size. This factor will probably lead 
to a greater use of bulk polymerization during the coining years. 

Solution PolymerJzaf ' on - This process is used exclusively 
for the production of copolymers of vinyl chloride and vinyl 
acetate. Tim mixed monomers are dissolved in an organic solvent 
inside a stirred autoclave heated to A0°C. The reaction in the 
autoclave has the same autocatalytic characteristic ns that 
occurring in bull; polymerization. In this case, however, the 
phase separation, arising from the formation of a concentrated 
polymer base, leads to a decrease in the rate of polymerization. 
The contents of the autoclave are passed through a filter press 
to retain the polymer, and the filtrate is recycled. The filtered 
polymer (in the filter press) i3 then washed, during which a 
certain amount of unpolymerized vinyl chloride is recovered by 
fractional distillation. 

(2) Worker Exposure ^ ^ 

It has been estimated that the total number of workers engaged 
in all aspects of the production of PVC resins is about 5,000. 

The validity of this figure is suspect, however, since an 
industrial hygiene survey conducted in 1969 examined over 5,000 
PVC-related workers at a time when production was approximately 
half the current level. Only a small proportion of these workers 





were engaged in operations outside the actual resin production. 

The productivity of these workers has probably increased since 
1969 in view of some significant technological changes such as the 
introduction of the bulk polymerization process, but, on balance, 
the total number of workers has probably increased beyond 5,000, 
although less than 10,000. Some of the job classifications of 
workers involved in resin production with potential exposure to 
VC are shown in Table 4. No evaluation of tbe total industry 
exposure to vinyl chloride can be made at present, because no 
estimates of the personnel distribution in these categories are 
available for the entire industry, and because exposure varies 
according to job category. 

The information available does tend to indicate that 
exposure to VC is greater in resin producing plants than in 
those synthesizing the monomer. The areas of greatest exposure 
In a PVC plant are judged to be the following: 

e 

Unloading of incoming vinyl chloride; 

* Reactor cleaning; 

° Entry of vinyl chloride containing vessels for 
maintenance and repair work; 

Entry of PVC storage silos; 

Shipping or packaging of PVC; and 

Leaks of vinyl chloride in the process area. 

f VC exposure in these plants have been decreasing 
rapidly since January, 1974. For the entire industry, the 
average TVA is probably well below 25 PP m. Exposures differ 
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Table 4 

J ob Cntor.orlfs of Wnrh ern 
Product 1 on of rVC P.prlr.r 


Bogging and shipping operator 
Catalyst makeup ran 
Dryer operator 
General laborer, custodial 
laboratory technician 
Maintenance personnel 
Monomer maintenance personnel 
Monomer operator 


Monomer recovery operator 
Monomer supervisor 
Polymer supervisor 
Reactor cleaner 
Reactor operator 
Slurry blender 
Utilities operator 
Warehouse personnel 





5] 


for each Job category, but., from the available data, it 
appears that reactor cleaners are likely to suffer the greatest 
exposure. Operators of the polymerization process 
equipment, those involved in unloading or transferring the 
monomer, and maintenance personnel, respectively, have 

successively lower exposures to VC. Other personnel are likely 

$ 

to be exposed to considerably lower levels. 

Reactor cleaning poses a special hazard. During the reaction 
process, the polymer, with entrapped monomer, builds up on the 
surface of the reactor, so that periodic cleaning is usually 
required. In the past, most of this cleaning was performed by 
hand using a scraper and chisel. Air analyses have nhown that VC 
concentrations in the reactor prior to ventilation reach 3,000 
ppm. After ventilation has been completed and the worker begins 
the scraping, concentrations between 50 and 100 ppm may easily be 
released. Air analyses have shown concentrations of 600 to 
1,000 ppm of VC close to the hand. Since these studies 
were completed, industry has moved to greater use of water-jet 
or organic-solvent cleaning. 

Industry has also instituted monitoring procedures of 
reactor interiors prior to worker entry. 

Another exposure problem concerning reactor cleaning has 
been that the air left in the reactor disperses into workroom 
air, thus producing a major source of vinyl chloride exposure. 
Substantial efforts are currently underway to recover all 
unreacted monomer prior to opening the vessel, but the low levels 
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involved pose a significant technological difficulty. 

3. Comp oundi ng of PVC Resina with Additives ’*’* 

In most applications, PVC is used with one or core additives 
to order to process and convert the conpound into its final, 
products. The additives used depend on the initial form of the 
resin, the type of processing to be used, and the desired 
application. Rc3in3 ere classified either as general purpose 
(made by any of the techniques described in the previous section) 
or ns dispersion (made primarily by emulsion pr tion). 

After the addition of a plasticizer, the genert ,rp> se resins 
can he further categorized into plasticized resins and 
unplasticized (i.e. rigid) resins. The dispersion resins, or 
letexen, may be plasticized for ultimate use as plastinols or 
organocolr., or thzy may bo chlorinated for processing dollar to 
that performed on the general purpose resins. 

To these basic resins, additives are compounded according 
to particular requirements. These additives are usually 
categorized cb follows: 

o Plastic i zers , to increase resin flexibility, softness, 
and elongation,and in some cases, to extend the basic 
resin; 

o Heat stabilizers , to prevent discoloration during the 
processing of resin compounds; 

o Fillers , to reduce costs, but sometimes to produce 
opacity, specific electrical properties, resistance 

7 






to ultraviolet light, resistance to blocking, improved 
dryblending characteristics, and other properties; 
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o rigrontB and dyes , to color PVC resin compounds; 

° Processing aids , .to facilitate the achievement of 
certain processing objectives, such C3 increased 
proceeciag rates, lover processing temperatures, 
improved fusion, and reduced surface gloss; 
o Impact modifiers to protect rigid recinG against 
brittle fracture; 

o Lubricants , to reduce friction of celts with the 
surfaces of processing machinery and molds; 
o Light ctabilizers . to prevent PVC degradation from 
continuous exposure to sunlight; 

° Pungiciden , to inhibit the vulnerability of compounded 
PVC to attack by microorganisms; 
o Flnm.a retardant s, to preserve the nonflammability of 
PVC compromised by the use of flammable plasticizers; 
o Antistatic agents , to improve electrical conductivity; 
o Antioxidants, to provide protection in high-temperature 
applications; and 

o Foaming agents , to influence cell structure for reeins 
expanded into foams. 

The compounding of these additives with PVC resins may 
occur in a plant producing the basic resin, in a plant designed 
for the purpose of compounding alone, or in a plant which also 
processes the compounded reoina. Trade publications identify 





54 


approximately 200 companies supplying chlorinated, plasticized, 
and rigid PVC or copolymer resins. 

The mechanism of the compounding s'ngc ensures that the 
additives are fully dispersed in the PVC resins to yield a 
homogeneous material suitable for further processing. The 
resultant compounds may be in powder or granular form. The 
latter form is obtained by heating the compound into granules 
or pellets. These are then used as feedstock for subsequent 
extrusion and molding processes. The powder form can be fed 
directly into fabrication equipment where the PVC resin need be 
heated only once, thus requiring fewer additives. 

(1) Process Descripti ons 

A wide variety of compounding equipment is currently 
available, most of which uses the resin and the various-additives 
in dry form. Sometimes, the resin is premixed with several 
additives before it is used in further processing with other 
additives. The order in which specific compounding equipment 
is used depends on the specifications the PVC must meet. 

Two-Roll Mill - The material in the form of a powder 
blend is fed into a mill consisting of two rolls separated 
by a small gap. The mill kneads the material for about 10 
minutes at a temperature of 150-160°C and strips it off as a 
continuous band. This strip of material is then granulated 
into small cubes suitable for use in an extruder. 











Bnnburv Hirer - The mixer consists of a jacketed nixing 
chamber fitted with blades rotating in opposite directions. 

It nixes batches of the material under pressure end heat to 

* 

produce a fused and kneaded mixture. The mixture then is 
discharged in a doughlike mass which is converted into sheet 
form for granulation. A two-roll mill is utilized for this 
purpose. The use of Banbury nixers can lead to significant 
variations between batches. This inconsistency is tempered 
in come cacso by the use of automatic weighing and feeding 
oystems for the injection of the various mixing materials. 

Continuous Mixers - This type of nixing is designed to 
enhance the consistency between batches by providing a 
continuous feed operation; however, this process requires great 
care to ensure the homogeneity of the resultant mixture. The 
machines used are basically single or twin-screw extruders, 
nodified to optimize the handling of the material. The compound 
may be heated, fed directly to calenders, extruded through a 
die plate for granulation, or extruded through a die with a 
die-face cutter for granulation. 

Multiscrew Compounders - A twin-screw extruder, specially 
adapted for the purpose, is also suitable for PVC compounding. 

The primary advantage this equipment offerulas opposed to the 
extruders described above,is that its screw sections and kneading 
discs can be changed to meet the specific requirements of the 
material being compounded. 
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ri p.h-Spc-cd ?':• y.rra - Equipment featuring injection molding 
and extrusion hao also been modified to accept PVC powder 
b3 ends. To cne ire satisfactory proce.sr.ing, such blends are 
combined in a high-speed mixer by friction-generated heat. 

When Lhi3 tyi a of equipment is used, the production of the 
proper blends must be performed with great care. 

Wet Prenulntion - In this process, the FVC is taken directly 
from the polymerizor while still in an aqueous dispersion. The 
additives are introduced into the granulating vessel along 
with a plasticiser that had previously been mixed with some of 
the stabilizer and lubricarto. The compounded resin particles 
are then rapidly plasticised, producing e substance in the 
form of granules which arc easily separated from the cuspencion. 
This process is limited to polymer manufacture, since it is 
not economically feasible to rediGporse the polymer once 
it hcc been dried out. 

Kixinr: of Plr.r.tinols - PVC pastes can be produced using 
paddlc-type mixers that can be operated under a vacuum, such 
as the vertical pGddle mixer, the vertical planetary mixer, or 
the horizontal Z-blcde mixer. Tbs TVC resin is introduced 
into the mixer along with sufficient plasticizer to form a 
paste. Other ingredients are then incorporated slowly and 
at low temperatures until a smooth homogeneous paste is 
obtained. 


& 
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(2) Worker lk-posur o 

In regard to worker exposure during TVC compounding, the 
PVC renin and the compounds involved in the processing at thia 
stage contain residual amounts of vinyl chloride in concentrations 
which may be as high as 3,000 ppm. If the basic resin is 
stored for some time in begs or drums, it will release an amount 
of the monomer inside the container which could enter the 
ambient air upon opening the container. 

Mixing operations during compounding may allow an additional 
release of the monomer entrapped in the polymer. Levels in 
the workroom air are generally below 1 ppm, although evidence 
presented at the OSHA public hearing of June 25, 1974, 
shows ti excursions above this level ore not infrequent. 

These Gtudies do not conclusively establish one way or the 
other whether workers engaged in compounding are exposed to 
concentrations in excess of 1 ppm. Sufficient information is 
not yet available to enable a categorization of plants into 
those where concentrations above 1 ppm are likely and those 
where they are not likely. The highest exposures in this 
phase probably occur in storage areas, places where containers 
are opened, and near pi-ocessing equipment where the PVC is 
heated. 

The numbers and types of workers exposed to vinyl chloride 
during these compounding operations are not known. Trade 
publications list about 200 firms, but give no estimate of 
their sizes. 
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4. Fnbricat'on of End V: -’nets fre rVC Comp ounda' 1 ’ 12 ’ 15 

The usefulness of polyvinyl chloride arisen from its 
edrptobility to taany processing techniques used in the 
production of intermediate and final goods. These processes 
have been designed to accomodate a wide variety of plastic 
co,. v ounus, including P . C because of the its ease in processing 
end its flexibility in allowing for the manufacture of a wide 
variety of products. In these processes, PTC resins compounded 
with the necessary additives are converted into products which 
need no further chemical handling. The products at this stage 
may be final goods (such as pipes), components of other 
equipment (such C3 vires), or materials for other industries 
(such S3 films and sheets for packaging). As a result, products 
made at this stage may or may not be eubjected to further 
processing, but if so, they will no longer be designeted as PVC. 
The number of firms engaged in this processing otage io not 
precisely known, but has been estimated to be between 4,000 
and 20,000. Such firms range in size from those with few 
employees and simple equipment to large plants involving many 
employees and considerable capital. 

(1) Process Descriptions 

The processing of PVC compounds at this stage involves 
the shaping of the compound into its desired form. This is 
accomplished by subjecting it to intense levels of he^t and 
considerable pressure. Several types of equipment are used 

according to the final product desired. The major processes 

— «• . 
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used to convert TVC into fabricated products are described 
below. 

E xtrusion - Both plasticized and ricid PVC formulations 
(as powder blends or granules) can be extruded (i.e. forced 
through a die) into a variety of shapes. Determination of the 
necessary temperatures and other process characteristics, 
such as rate at which the extrusion is to be carried out, 
con only be ascertained by careful expeririontation. 

Extrusion is used primarily' to produce wire and cable 
insulation, rigid pipe and tubing, blown film, and 
unplasticized PVC sheet. 

Inje ction Moldin g - Generally, low-molecular-weight PVC 

it'Mfini In Hit Ini in nl g rami I a i nr powder blends are used In 
niir>w I ypr Injritliiri Minlilfng nun li I not:, '| lit in Ini Inn .if I lie 

screw produces a homogeneous melt which in then Injected into 
a mold at high pressure* 

Blow Molding - This process is generally limited to the 
production of bottles, and primarily uses powder blends with 
some interspersion of granular compounds. Most of the equipment 
used in this process produces a pnrlson (i.e. a partially 
formed mass of material still in plastic form) by continuous 
extrusion or by the use of a reciprocating-screv system. 

This parison is then blown into the proper mold. 

.Compression Molding - This technique is used primarily 
for processing rigid PVC compounds into phonographic records. 
Usually, a copolymer of vinyl chloride and vinyl acetate is 
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used to produce n low-viscosity melt. This melt is mixed 
and fused, passed to a two-roll mill from which it io 
stripped, and then molded by compression in a record press 
at high pressure. The. initial compound can also bo in pellet 
fom from which n premensured molten extrudate is preened in 
a cold. This technique is also the only method used to 
manufacture thick, high-quality, rigid sheet. 

~ Hug technique is used extensively for the 
production of flexible and rigid PVC film and sheeting. It* 
is usually found in conjunction with the mixing of additives 
rather than as a separate stage in the processing of PVC. 
Pellets or powder are fed directly to the hot rolls of the 
calender. The resulting molten raterinl is carried through 
finishing rolls to produce rigid sheets or material laminated 
to a substrate. 

I2fj£L J -r-pXProccrs.bi ri (Coating) - In this process a paste 
(or plnstisol) made from TVC resin compounded with various 
additives is coated on various substrates such as fabrics, 
sheet Gtecl, and paper. Several types of equipment may be 
used to perform the coating. The paste is generally fed into 
a device which applies the material to the substrate, either 
once or several times to achieve the desired thickness. The 
material is then passed through a heating oven to produce 
corylete fusion of the compounded PVC paste material. 


w*- 






61 

FIg' stisol Fvfu caning Q'virilng Methods) - For molding 
purposes, sevorr.l methods may be employed to shape a FVC 
paste into itB desired shape. A measured amount of paste may 
be charged into a mold. The mold in then rotated to cause 
the paste to gravitate to the vails v.’hcre it is fused to 
fora c uniform thickness. The paste nay also be poured into a 
mold where it is fused. Low-pressure injection molding is 
also used to produce PVC shoe soles. 

Foams - Flexible or rigid FVC foams can be produced by 
subjecting PVC plastirol to mechanical or chemical blowing. 

In this process, the plastisol is mixed with an inert gas or 
air which is then fed through spray nozzles under carefully 
controlled conditions to produce a slowly expanding foam. 

The plr.stisol is whisked and the resulting froth is stablized. 
One of these mixtures is then subjected to heat, while being 
calendered, extruded or molded, so that it is fused into the 
desired form. 

(2) Worker Exposure 

Exposure to vinyl chloride in the fabricating stage arises 
from the escape of residual monomer entrapped in the polyvinyl 
chloride. Tbe monomer escapes at its fastest rate when the 
compound is heated. In general, the rate and the amount 
released depend on tha residual amount, the extent to which 

the PVC has been diluted by additives, the type of equipment 

<r 

used for processing, and the temperature at which the PVC is 


processed. Worker exposure depends on the rate and the amount 








released, hr veil ns the extent to which the processing area 
ir ventilated. These factor?, have yet to be definitively 
delineated for each type of processing, bo that it ia not 
possible at this time to state which proce?.acs might 
result in creese exposures. 

Information presented at the OSHA public hearing of 
June 25, 197A ; indicateu that the concentrations of vinyl 
chloride in fabricating plants fall generally below 1 ppn with 
r. email number skirting this level. An even r.i .Her number 
of readings showed concentrations in excesa of 1 ppm, ranging 
ac high ac 40 or 50 ppm on occasion. Hov-aver, the 
information available as yet shows no clcar-cut pattern which 
could perns’ r full, characterization of exposure levelo according 
to process type. In general the numbers and types of workers 
exposed to vinyl chloride in its fabricating stages cannot be 
estimated until a scientific sample of the industry is performed. 
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v. pgrcr.TPTicN or ac tion 

In response to the health hazards of vinyl chloride that 
have recently become kno«3, the Occupational Safety und Health 
Adniniotration (OSHA) published a proposed standard in the 
K-'iy 10, 1974, fc-dcrnl Register (Appendix B). 

Public hearings were held beginning June 25, 1974, to obtain 
information from induatry, labor, and other interested parties 
regarding the provisions of the proposed standard. Information 
presented at the. hearing and in poet hearing comments, as veil 
as recently available research data, feasibility studies 
and this Environmental Impact Statement are being considered in 
the development of the final standard. 

A pplicability of Proposed Stand-yd 

The proposal would apply to any company manufacturing or 
using vinyl chloride or polyvinyl chloride (when the latter 
releases detectable amounts of vinyl chloride), Detectable levels 
were defined as those measurable by a method capable of detecting 
1 ppm with en accuracy of 50 percent. 

Raw polyvinyl chloride resin and the many compounds made 
from this resin for molding, calendering,extrusion, or other 
similar processes were considered to have the potential for 
releasing detectable levels of vinyl chloride. If the PVC 
compounded resin contains a large proportion of unreacted monomer, 
it. handling and heating will mica., me. fart of that 













Operations handling fabricated products made from polyvinyl 
chloride, entirely or In partB, were specifically excluded from 
the standard. The reason was that the release of monomer from 


such products had not yet been demonstrated. The proposed 
standard specified that fabricated products would include such 
items as film, sheet, block, bar, and extrusion stock. 

Level of Exposure 

The proposed standard for employee exposure to vinyl chloride 
was set at the no detectable level^to be determined by a sampling 
and analytical method capable of detecting vinyl chloride at 
concentrations of 1 ppm with the accuracy of 1 ppm + 50percent. 

The method of 1 ppm sensitivity was recommended to OSHA by NIOSH 
on the basis of its review of the problem. The proposal also 
attempted to minimize the number of workers at risk by 
regulating areas where vinyl chloride is manufactured, reacted, 
stored, handled, released, repackaged, or used. Polyvinyl 
chloride operations containing detectable levels of vinyl 
chloride were also regulated. The proposal permitted only 
authorized employees to enter such areas; authorized workers 
were defined by the proposal as those employees whose duties 
require them to be in the regulated areas, arid those employees who 
enter such an area as designated worker representatives to 
exercise their right to observe the monitoring and measuring of 
vinyl chloride. 
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Monitoring 

A monitoring program was to be required by the proposal to 
determine if there were detectable levels of vinyl chloride in 
the workplace and to measure employee exposures on an Individual 
basis. The standard permitted a maximum amount of flexibility 
for the employer in devising a suitable monitoring system. This 
was done on account of the diversity of the processing methods 
involving the monomer, the polymer resin, and the compounded 
resin. The employer was, however, to be required to monitor in 
such a way that detectable levels could be perceived and that 
exposure to an employee could be determined with a confidence level 
of 95 percent. These programs were to involve the use of point 
monitoring devices, portable air samplers, or personal samplers 
worn by employees. 

In addition. Section 8(c)(3) of the Occupational Safety 
and Health Act requires that employees or their designated 
representatives be provided an opportunity to observe monitoring. 
Engineering and Work Practices 

If detectable levels of vinyl chloride were present under 
normal operating conditions, the employer was to be required to 
immediately institute engineering controls, work practice methods, 
and respirators in accordance with the proposal. Engineering 
controls and work practices were considered preferable to other 
nxthods of compliance, since they focus on eliminating contam¬ 
ination of the air in the workplace rather than on simply providing 
• temporary solution. 




The proposal also required that testa be conducted for 
process or equipment leaks to ensure the integrity of the 






equipment and the propriety of work practices. In the event 
that these control measures were insufficient to control airborne 
concentrations of vinyl chloride, immediate use of protective 
respiratory devices was to be required. 

Respiratory Protection 

In the event that respiratory protection would be required under 
normal or emergency situations, the employer would be required 
to select equipment from among the following types: 

* Positive pressure full facepiece self-contained 
breathing apparatus; 

* Pressure-demand full facepiece self-contained apparatus 
operating in the pressure-demand node; 

* Combination type "C" pressure-demand full facepiece 
respirator operating in the pressure-demand mode 

and a pressure-demand self-contained 
breathing apparatus operating in the pressure-demand 
mode; or 

* Combination type "C" continuous flow respirator and a 
pressure-demand self-contained breathing apparatus 
operating in the pressure-demand mode. 

Protection against vinyl chloride was not considered reliable from 
cartridge type respirators due to the short break-through time 
for vinyl chloride at high concentrations. As a result, NIOSH 
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recommends the use of continuous flow and pressure-demand types 
of respirators. Respirators were not to be used instead of feasibl 
engineering controls or work practice methods. 

Protecti on in Special Situations 

d) Maint enance and Deco ntamfnatInn 

The proposed standard recognized that VC and PVC operations\ f 
are frequently conducted In batch processing equipment requiring 
frequent cleaning to ensure the purity of the process. The 
proposed standard required special precautions for cleaning 
operations designed to maintain or decontaminate'equipment. Some 
types of equipment, such as reactors in the polymerization process, 



were believed to allow significant buildups of vinyl chloride. 

The proposed standard required adequate venting of such vessels 
to remove escaping vapor from occupied areas before worker 
entry. In addition, employers were to provide workers with 
whole body, air supplied suits impervious to vinyl chloride. 
Workers were also to be required to shower after removing such 
equipment. The proposal emphasized the immediate clean up of 
spills, periodic inspections, and the prompt repair cf equipment 
and leaks. Provisions also addressed the proper handling, storage, 

disposal of materials to prevent airborne contamination and 
accidental skin contact. 

(2) Transporati on Loading and Unloadin g 

The loading and unloading of vinyl chloride presents a 

problem for the escape of vapors at detectable levels. 
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The proposed standard required that each transfer line and vapor- 
equaJizing line be equipped with vent connections and have an 
inert gas purging system. Vent and purge effluent would be 
returned to a process stream or flared in a safe location. The 
proposal required that procedures for .he transfer of vinyl chloride 
be developed and implemented. 

(2) Emergency Situation s 

Operations involving the monomer have the potential for 
creating emergency situations in which significant leaks or spills 
occur. The proposal, therefore, required that a written 
operational plan for emergency situations be developed for each 
regulated area. Each employee was also to be trained to under¬ 
stand the hazards of vinyl chloride and the precautions for its 
safe use. In the event of an emergency, the decontamination of 
the affected area would be required before the resumption of 
normal operations. Special medical surveillance was also to be 
instituted within 24 hours for employees with known contact 
with VC. These employees were to be required to shower as 
soon as possible. 

Medical Surveillance 

Vinyl chloride in sufficient concentrations is knovn to 
cause changes in liver function. Elver dysfunction 

increases risk to health, possibly preceding the development 

of liver angiosarcomas. NIOSH has recommenced the medical regulations 
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Included In the proposal as reasonably appropriate to detect 
liver dysfunction. If specified biochemical determinations of 
liver function tests were abnormal, further screening was required. 
The employee would also be required to be withdrawn from areas 
where contact with vinyl chloride was possible. 

Miscellaneous Requirements 

(1) Waste Materials 

The propoced standard required that waste materials be 
appropriately disposed of or decontaminated. 

(2) Protective Clothing 

The proposed standard required that each employee entering a 
regulated area be provided with full-body protective clothing, 
footwear or shoe covers, and gloves at no cost to them. The 
protective clothing required by the proposal would not only 
minimize skin contact with vinyl chloride vapor but would also 
protect the employee from splashes in the event of a spill or 
rupture of equipment containing liquid VC. Employees were to 
be required to remove all protective clothing upon leaving 

the regulated area. 

(3) Hygiene Facilities and Practices 

Shower facilities and change rooms were ' o be required under 
certain circumstances. Storage or consumption of food and 
beverages were to be prohibited in regulated areas. 







The proposal specified the signs and labels required at 
entrances, in regulated areas, on containers of waste materials 
contaminated with vinyl chloride, on containers of polyvinyl 
chloride containing detectable levels of vinyl chloride, and 
on containers of vinyl chloi de. 



The proposed standard required that monitoring and medical 
records be maintained for 20 years. In addition, reports 
identifying companies which have regulated areas, as well as 
other information, were to be provided to OSHA. Provisions 
regarding employee access to monitoring records were also included. 





73 


* \ f , 


VI. PROBABLE IMPACT Of THE FINAL STANDARD * 

Since January 1974, when the human carcinogenicity of 
vinyl chloride first became evident, significant measures 
were taken throughout the vinyl chloride and polyvinyl chloride 
industries to protect workers (as well as consumers of final 
products) by reducing the amounts of vinyl chloride to which they 
might be exposed. 1 ’ 7 The initial industry-wide efforts were 
relatively easy to institute as compared to the goals which 
ere set by the proposed standard. The cost of continued reduction 

in exposure would be increasinRiv significant in industry and 
would ultimately be passed to the consumer. 

1. Reduction in Worker Risk 

Achieving a safe and healthful workplace in an effective 
and equitable manner has been OSHA's goal in the development 
of a standard for vinyl chloride. The available data suggest 
that to reduce worker risk, one must reduce to the maximum 
extent feasible worker exposure to vinyl chloride. 

The animal studies and epidemiologic information (discussed 
more fully in chapter III) strongly suggest a cause/effect 
relationship between exposure to vinyl chloride and certain 
types c-f liver cancer, including angiosarcoma. The data sIbo 

*Note? References in this section have been selected as 
representative of testimony presented at the OSHA hearing of 
June 25, 1974. The cited references are ir. general not unique. 





suggest that lower exposure levels are correlated to lower risk 
of occupational disease from vinyl chloride. However, the 
epidemiologic evidence Is too inconclusive to estimate dose- 
reeponse relationships with precision. Because the comparabil¬ 
ity between human and experim'ntal animal physiology is not 
completely understood, the animal data provide only approximations 
of human susceptibility. Although the possibility of a threshold 
level cf tumor induction may exist, the available scientific evidence 
does not establish a threshold level for vinyl chloride. In 
addition, the metabolism of vinyl chloride in the human body has 

not been conclusively delineated, and no proximate or ultimate 
carginogenic metabolities have been demonstrated. 

Although knowledge of the quantitative relationship between 
vinyl chloride exposure and induction of human liver angiosarcoma 
is lacking, tho experience of workors exposed to vinyl chloride 
and of animal studies provideo cogent reasons for regulating 
workplace exposure. One of the primary impacts of the proposed 
standard will be to reduce, insofar as practicable, the risk 
of employees developing occupational disease from exposure to 
vinyl chloride. ' 

2. Expected Impact on Industry 

The vinyl chloride industry ir. the United States has become 

a vital component of the national economy since VC was first 
2 

produced in 1930. Applications of PVC tend to proliferate as 
rapidly as available supplies permit; even though there are few 
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market innovations. PVC has replaced many other materials 

w 

because of its superior qualities. The history of PVC is replete 
vith examples where, once it has penetrated a particular market, 
it has assumed a position of dominance. 

Prior to the current concern for reducing health hazards 
associated with exposure to VC, the industry was already somewhat 
unstable as VC production depends on the availability of petrochem¬ 
ical feedstocks which have been in short supply. The appearance 
of the OSUA standard may upset the existing uneasy balance; 
however, prediction of the exact nature of the impact on this 
complicated industry is fraught with uncertainties. 

(1) Cost of Compliance 

The most direct impact of the OSHA standard on industry will 
be the capital costs for implementing engineering controls 
and for purchasing monitoring, respiratory, and miscellaneous 
equipment. Monomer, compounding, and fabricating plants are 
likely to be lees affected than polymer p’ants. According to 
industry estimates, the engineering changes required in polymer 
plants could well cost as much as the original capital expend¬ 
itures for the plants.Firestone estimates- 1 a cost of $55 million to 
attempt to achieve a "no-detectable" level at two PVC plants. 

Altogether, approximately 37 plantu would be required to make 
major investments. 

The mein sources of exposure in monomer plants are operations 
involving tank car loading, in-plant sampling, and laboratory 


/ 
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analysis. Additional emissions may come from process venting 
and from fugitive sources such as pumps, flanges, and valves. 

Costs for equipment to control exposures associated with tank- 
car loading and process venting will be substantial. Capital 
costs for the other items will be much less, since the emissions 
from these sources can be reduced primarily by work-practice 
methodology. Costs for replacing pumps, flanges, and valves 
to provide more leakproof equipment may be necessary. Engineering 
changes to reduce emissions from these sources will be also 

substantial, and the capability of achieving 1 ppm may 
not be technologically and economically feasible for all plants. 

Compared to engineering costs, expenditures for monitoring 
instrumentation, respiratory protective devices, and other equip¬ 
ment will be relatively low.® i n general, the capital expenditures 
and time required to reduce VC concentrations to acceptable 
levels may be substantial. 

Capital costs for compliance with the proposal in compounding 
and fabrication plants are not expected to be particularly 

4 

high, but they still may be significant for seme smaller companies. 
In these plants, the greatest expenditures are expected to be for 
ventilation and monitoring equipment. Most companies already 

9 10 

have installed ventilation equipment to control dust problems. * 

The cost of monitoring equipment may be several thousand 
dollars, but should be within the financial capability of large 
companies. For small companies, such purchases may be sufficiently 
prohibitive to upset their competitive position. However, such 
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companies may be able to satisfy their monitoring requirements 
by contracting for the services of industrial hygiene consultants 
rather than by purchasing equipment themselves, thus avoiding 
the capital coat of monitoring equipment. 

The capital costa In polymer plants are likely to be substantial. 
Plants In this industry are so diverse that some may lose their 
competitive position, especially smaller firms with older 
equipment vhose operations are already marginal. Previously, 
the heavy demands for PVC had ensured the continuance of such 
companies, but compliance with the proposed standard may 
prove to be an excessive strain. Several employers may find 1, 
necessary to close operations, concentrating the Industry Into 
fewer companies and causing disruptldns of several markets. 2 It Is 
also possible that demand for PVC would In the long term Induce • 
some companies to enter the market wlth'larger and safer plant,. 


Substantial Increases In energy requirements and In number ' • 
of personnel may significantly increase direct operating coats. 
According to an Industry spokesman, decreased efficiency of the 
equipment and lowered worker productivity may also have a signifi¬ 
cant Impact on operating costs. 5 In all likelihood, a substantial 
price Increase may be necessary to Insure the viability of the 
industry. Since demand for PVC is. stong and users have become 
dependent on this material, price Increase will likely be accepted. 









In situations In which aavaral svppliers produce th(! ealn( . p „ c product> 
thn conpatltlva poaltfon of Individual .colonies may be aarlously 
affactad. However, th. dlv.ralty of PVC type. and ch.ractari.tlca nay 
U»lt this type of impact to i'amU fraction of the companies Involved. 
Th. atandard may allahtly Improve th. utillt.tlon of vlnyi chloride 

feadatocka, since leas would escape during proceaalng and more would 
be reacted during polymerization. 


(2) Substitutes^ 

At present, there is no known material or materials which could 
substitute adequately for all the wide range of PVC uses. 
Historically, identification of a chemical ae a carcinogen has 
resulted in an increased search for substitutes and a gradual 
decrease in its use. However, few previously identified 
chemical carcinogens have had a volume of production close to 

that of vinyl chloride. While there are substitutes for 
almost every use of polyvinyl chloride, such materials have 
been long abandoned for various reasons, such as scarcity, cost, 
and their inferiority to PVC. Furthermore, most PVC users indicated 
that they are now too dependent on this substance to permit a very 
rapid switch to other materials. 

There is no evidence yet of a lessened demand for PVC 
(implying a concomitant shift to substitutes). The search for 
adequate substitutes may be heightened as the price of PVC 
resin increases, but any slackening of demand in one area would 
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likely be rapidly replaced by an increased demand elsewhere. 

There seems little likelihood of any total movement away from 

PVC unless it appears that U.S. industry cannot control the exposure 
hazards. 

(3) Imports and Exports'* 

Vinyl chloride and polyvinyl chloride currently constitute 
relatively minor products in international trade. The demands 
for PVC resins are so great that each producing country is hard 
pressed to meet its own needs and is able to export very little. 

This situation will probably remain static for the foreseeable 
future, although an increase in prices caused by the OSHA 
regulation could alter this stability. If domestic prices 
increase substantially, PVC users may be able to obtain resins from 
manufacturers in countries where regulation is less strict. 

This is not likely to occur in the short rur. because of internal 
demands in ail countries. In the long run, U.S. companies might 
find it profitable to build plants abroad. In any event, the 
extent to which the OSHA standard may impair the trade situation 

cannot be assessed at present, but some increased imports are 
expected. ' » 

(3) Miscellaneous Impacts 

The OSIln standard may necessitate increased energy consumption 
in polymerization plants. 5 Increases in energy demand will 
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not be as great in monomer, compounding, and fabricating plants, 
although some rises Ea y occur. 

An adverse environmental effect of the standard may be e temporary 
increase in the amount of vinyl chloride entering the atmosphere 
as plants seek to eliminate VC from the workplace. Since 
vinyl chloride will readily disperse in the atmosphere, the increased 
background level of VC in the ambient air resulting from the 
standard will probably _iot be significant. The Environmental Protection 
Agency is examining the significance of levels presently found 
around various types of plants and will determine the necessity 
of imposing regulations to deal with VC emissions. 
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VII. 


ALTERNAIIVES 


The proposed OSHA standard is based on an evaluation of 
many factors, most of which are not readily quantifiable. In 
it8 development, many alternatives, both in general approach 
and in specific provisions, were evaluated. Although the 
limited amount of available time has precluded a definitive 
analysis of all the relevant factors, each section of the 
standard was based on a careful weighing of the available 
evidence. This chapter describes the major alternatives that 
were considered during the development of the proposed standard. 


1. ALTERNATIVES CONCERNING THE SCOPE AND APPLICATION OF 

P ROPOSED STANDARD 

Polyvinyl chloride (containing entrapped vinyl chloride) 
eventually finds its way to companies which constitute over 10 
percent of the national economy. Because of its widespread 
industrial use, the breadth of the standard's applicability has 
always been an important consideration. Polyvinyl chloride, even 
in products used by the general consuming public, apparently is 
always capable of releasing vinyl chloride. Thus, one alternative 
to the proposal would regulate all industries where VC our 
PVC might find application. This alternative is not supported 
by the data; the release of VC by most finished PVC products 
has not been documented. Once PVC has been heated to the 
point where it fuses, the amounts of vinyl chloride that can 
be released generally seem to be substantially reduced. It 
appears that finished or semi-finished PVC products are not capable 
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of releasing mensurable amounts of vinyl chloride as long ns they 
are not further subjected to temperatures such as those used in 
processing. 

The position has also been proposed that compounding and 
fabricating plants handling PVC need not be covered by the 
OSHA regulation, but should be regulated by a separate standard. 
Indeed, it appears that no detectable or low levels of vinyl 
chloride will be observed in most compounding and fabricating 
plants. 

Although there appears to be little or no VC in the breathing 
zones of roost workers in the majority of these plants, measurable 
and perhaps significant amounts of vinyl chloride can build up 
inside heating and mixing vessels and in storage areas. 


A significant amount of PVC used by fabricating companies is 
in pellet form. Since PVC pellets have already been subjected 
to processing temperatures, it is conceivable that most ot the 
vinyl chloride that may have been entrapped in the PVC would have 
been released on this basis. The position has been advanced that 
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PVC pellets do not constitute a significant source of vinyl 
chloride and that fabricators using pellets do not need to be 
regulated. However, these pellets are subjected at other points 
in their processing to high temperatures, and it is not clear 
that further releases of VC do not occur. 

Another alternative that has been raised is to distinguish 
between monomer and ploymer plants. Since these operations pose 
significantly different sets of hazards vhich may need to be 
regulated accordingly, it has been proposed that the OSHA standard 
reflect such differences. 

It is possible that the monitoring.provisions may affect many 

companies where VC hazards will not be found. It seems necessary to identify 
those companies where potentially hazardous exposures may occur. 

On the other hand, the exclusion of firms using finished or semi¬ 
finished fabricated products is not likely to exclude establish¬ 
ments with measurable levels of VC. 

2. ALTERNATIVES CONCERNING LEVELS OF EXT0SURE 

At any level of expesure except zero (which in effect would 
ban vinyl chloride manufacture), there may be a risk that a 
worker will contact liver angiosarcoma. However, a complete ban, 
causing a total shutdown of vinyl chloride or PVC plants, would 
severely disrupt the economy and worsen the employment situation. 

In all likelihood, a shutdown of VC and PVC plants would 
reverberate throughout the economy by effecting work stoppages in 
important sectors of the 


economy. 
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At the OSHA public hearing of June 25, 1974, many polymer 
producers stated that a requirement to reach a level of "no- 
detectable" VC upon the effective date of the standard would 
require them to shutdown. The producers claimed that the requisite 
technology to achieve a "no-detectable" level simply is not 
available; therefore, employees would be required to wear 
respirators at all times. The companies indicated that plants 
would close rather than attempt to meet this requirement. In 

anv event, where engineering changes are needed, some 
time would be required. 

Another alternative is to establish the permissible 

permanent level of exposure at or below 50 ppm. Risk 
estimates .based on animal studies suggest the prudence of 
attaining TWA levels of exposure as low as feasible in all plants. 
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3. STAGING OF COMPLIANCE 

Considerations of practicality must enter into the decision 
as to when companies will be required to comply with the 
particular provisions of the standard. As indicated at the 

•i 

hearing, many monomer and polymer producers already have initiated 
most of the actions needed to meet monitoring requirements. A 
problem arises with respect to the compounders and fabricators. 

If the alternative of immediate compliance with the monitoring 
procedures were adopted, industrial sources point out that the 
laree number of companies involved would induce a severe shortage 
in supplies of monitoring equipment and of industrial 
hygiene consultants. 

In evidence presented at the OSHA hearing of June 25, 

1974, industrial sources claimed that a standard 
requiring immediate compliance to the proposed "no-detectable" 
level is not technically feasible in view of the massive 
engineering alterations that may be required. 


If companies are required to meet the exposure level goal 
stipulated in the proposed standard, the companies have alleged 
that the practical effect would be to require employees to 
wear respiratory equipment at all times. A substantial amount 
of testimony was presented at the public hearing describing the 
difficulties of reliance on personal protective equipment. Some 
respiratory equipment « i e bulky and 
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cumbersome. Wearing certain types of this equipment continuously may 

strain workers, perhaps lessening their alertness. Some workers 

could suffer a claustrophobic effect and would be unable to 

use some equipment at all, even for short time periods. In addition. 

monomer plant layouts require workers to climb narrow 

ladders and traverse narrow catwalks in the normal performance 

of their duties, thus creating a potential safety hazard. 



-iesc' 

















VIII. RELATIONSHIP TO OTHER FEDERAL ACTIONS 


Production workers constitute the part of the population most 
obviously exposed to the hazards of vinyl chloride. However, 
in view of the fact that polyvinyl chloride produces contain 
residual amounts of vinyl chloride which may be released, the 
general population may also be exposed > though as yet to an un¬ 
determined extent. Since vinyl chloride and polyvinyl chloride 
products find many uses throughout society, several Federal 
agencies in addition to OSHA have become concerned about possible 
population exposures to vinyl chloride. These agencies focused 
initially on tho exposure that arose from the aerosol use of vinyl 
chloride; subsequently, efforts have been initiated to determine 
the extent to which vinyl chloride exposure occurs in other uses 
and the precise extent to which such exposures constitute 
a problem. 

1. RECUI.ATORY ACTIVITY 

Historically, the only consumer use of vinyl chloride in 
monomer form has been as an aerosol propellant for hair sprays, 
pesticides, and other aerosol products. Tests conducted by the 
Environmental Protection Agency (EPA) and reported in the Federal- 
Register on April 26, 1974, revealed that a VC aerosol released 
for 30 seconds sometimes produced concentrations as high a 9 400 ppm 
in the air of a closed room. By that time, manufacturers of 
aerosol hair sprays and pesticides indicated that they had 
voluntarily ended, in 1973, the use of vinyl chloride as a pro¬ 
pellant. Nonetheless, some products containing vinyl chloride 






probably still remained on the market even after this date. Aa 
a result, on April 26, 1974, EPA announced an emergency suspension 
of all pesticide spray products for indoor use containing vinyl 
chloride and also gave notice of its intent to cancel the 
registration of these products. At the 831116 time, EPA requested 
that all existing stock of such products be recalled by the 
manufacturers. 

On April 22, 1974, the Food and Drug Administration (FDA) 
published two proposed rules: one which would regulate the use 
of vinyl chloride as an ingredient of aerosol drug products such 
as in the form of a propellant; and another which would regulate 
the use of vinyl chloride as an ingredient (propellant included) 
of cosmetic aerosol products. Since evidence indicated that some 
supplies of hair sprays containing vinyl chloride were still on 
the market, FDA requested that all manufacturers initiate recalls 
for §ueh hair sprays as vail as for othsr drug and cosmetic 
aerosol products containing VC. On Hay 9, 1974, the Consumer Pro¬ 
duct Safety Commission commenced an information gathering process 
to determine the specific aerosol products which now use or have 
used vinyl chloride. It may ban the use of VC in aerosols for 
such products as spray paints, household cleaners, and de-greasing 
agents. 

Significant programs are curre. lervay to determine other 

areas where vinyl chloride or polyvinyl chloride formulations 
should be regulated. The Department of Transportation (DOT) 
currently regulates the shipping (46 CFR 145.24-100) and 
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transportation (49 CFR 172.5) of vinyl chloride as a flammable 
compressed gas. The containers that may be used are specified by 
these regulations. At present, DOT is considering whether any 
changes in its regulations are warranted by the fact that the 
chemical has been identified as a carcinogen. The major issue is 
whether a single exposure to the chemical can cause cancer. At 
present, DOT is considering changes in labeling requirements, but 
not necessarily in packaging regulations. 

The Environmental Protection Agency is currently collecting 
and assessing data on: (1) the ambient emission and effluent levels 
of vinyl chloride in air and water from VC and PVC manufacturing 
plants; (2) the environmental impact of all disposal methods for 
vinyl chloride and polyvinyl chloride wastes; (3) the overall 
ecological effects of vinyl chloride. EPA has also collected 
data in a preliminary monitoring program covering seven industrial 
complexes containing 10 PVC and 2 VC plants. Similarly, it is 
receiving data concerning emissions and control from the VC/PVC 
industry under Section 114 of the Clean Air Act. The results 
of these studies will determine the need for EPA regulations. 

At present, certain polyvinyl chloride formulations are 
sanctioned for use in food packaging, and hence are exempt from 
classificatinn as food additives subject to pre-marketing 

t ; 

clearance by the Food and Drug Administration. Early in 1973, FDA 
received reports that vinyl chloride was migrating to the interior 
surface of polyvinyl chloride bottles then being test marketed for 
alcoholic beverages. Use of polyvinyl chloride bottles for this 







wmm 


91 

f 

purpose ceased after the Commissioner of FDA Issued a proposal 
which concluded that polyvinyl chloride bottles may cause the 
adulteration of alcoholic beverages. 

There have been further reports of migration when polyvinyl 
chloride is used as an ingredient of containers for non-alcoholic 
products. Therefore, FDA has requested information on the extent 
of polyvinyl chloride usage by type of container and type of 
product, on the vinyl chloride content of polyvinyl chloride 
used to manufacture such containers, and on the level of and rate 
at which vinyl chloride can be extracted from such containers 
under certain test conditions. 

FDA may establish maximum levels for the amount of the vinyl 
chloride that can be extracted from such polyvinyl chloride 
packaging. FDA has also requested that manufacturers submit 
information on every drug product containing vinyl chloride as 
an ingredient or packaged in polyvinyl chloride containers. FDA 
currently does not know whether vinyl chloride is being used in 
the manufacture of drug products. 

2. RESEARCH STUDIES 

Despite the fact that vinyl chloride and polyvinyl chloride 
have been present in large quantities in the U. S. for many 
years, little is lcnovn about their health effects. As a result, 
many studies have been initiated during the past several months, 
and others are being proposed. 








The Center for Disease Control (CDC) is conducting a national 
search for all deaths from angiosarcoma of the liver which 
have been reported since 1965. For each case identified, 
the health history of the individual will be reviewed and analyzed 
to determine whether or not there had been any exposure to vinyl 
chloride or polyvinyl chloride. CDC is also conducting studies 
to determine deaths from other causes that may be related to exposure 
to vinyl chloride. In these studies, pathological information 
will be obtained from hospitals. A survey among meat wrappers in 
Houston, Texas presently underway will determine whether 
vinyl chloride released from polyvinyl chloride packaging 
materials may be the cause of "meat wrappers asthma." 

The National Institute for Occupational Safety and Health 
(NIOSH), an agency of CDC, is conducting several studies on 
various aspects of the vinyl chloride question. The most 
significant effort is a comprehensive epidemiologic survey 
of workers from 11 polymerization and fabricating plants. 

Employee medical records are being subjected to intense screening 
to determine the scope and magnitude of vinyl chloride effects. 

All hospital data obtained in this study is being sent to 
CDC for its angiosarcoma search. NIOSH is also planning studies 
to determine if cosmeticians exposed to vinyl chloride from 
aerosol hair sprays have contracted any cases of liver 
angiosarcoma. NIOSH is examining the types of monitoring 

equipment that would be feasible for use in the workroom 
environment. The primary problem in this respect is developing 
monitoring equipment of greater sensitivity than was necessary in 
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the past when the principal concern was the explosive potential 
of vinyl chloride. ' 

The Environmental Protection Agency will conduct epidemiologic 
studies of the neighborhoods surrounding selected VC and PVC 
production plants. In addition, studies are being made of the 
effects of vinyl chloride on developing rat fetuses, the effects of 
other stresses (such as ethanol and vinylidene chloride), and 
the importance of nutritional factors in vinyl choride toxicity. 

The National Cancer Institute is cond. ing some cell culture 
studies to discover the carcinogenic mechanism of vinyl chloride. 

The Fish and Wildlife Service of the Department of Interior is 
concerned about the ecological effects of polyvinyl chloride piping, 
since the residues from such piping seem to give rise to liver 
problems in fish being raised in hatcheries. No clear statement 
as to the ultimate cause has been proposed, although a possible 

source of the problem may be the plasticizers used with the 
polymers. • i • • . 

The National Bureau of Standards (NBS) is performing some 
preliminary investigations into the development of permeation 
tubes which could serve as mere accurate calibration sources for 
vinyl chloride monitoring equipment. NBS is also examining the 
mechanism by which residual vinyl chloride escapes from the polymer. 




IX. COMMENTS 


ThOBe comments which have been submitted in direct response 
to the draft environmental impact statement on vinyl chloride are 
included as Appendix C to this report. In addition, the testimony 
of witnesses at the OSHA public hearing on June 25, 1974, was 
permitted to stand as comments on the draft statement. Accordingly, 
the discussion of the comments presented in this chapter will 
attempt to treat the complete record of the public hearing. 

Although some of the comments presented at the public hearing 
are reflected in those included in Appendix C, this appendix does 
not show the full range of the testimony presented at the public 
hearing. Since the testimony at the public hearing was not 
specifically directed at the impact statement, but more directlv 
addressed the substance of the standard, no attempt is made to 
reproduce it here. 

The testimony presented at the hearing and the comments on the 
draft environmental impact statement fall into three main 
categories: critiques of sections of the dfaft environmental 
impact statement; background information on the nature of the 
health effects of vinyl chloride^ the sources of occupational 
exposure, and the methods of dealing with the hazard; and 
critiques of the provisions in the proposed standard (Appendix B). 
The first category is relatively 6mall, since few participants at 
the hearing commented directly on the statement and few responses 
have been received during the period provided for public comment. 
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mpact Statement 
The comments shown in Appendix C primarily address the same 
issues as those discu:.jed in the other two sections of this 
chapter. In addition, they also address specific statements made 
in the draft of this report. These latter comments fall into 
two categories: (1) those dealing with statements of fact; and 
(2) those dealing with the general tone and interpretation of 
data made in the draft impact statement. Suggested changes 
arising with respect to statements of fact have been accepted and are 
incorporated in the relevant portions of this final statement. 

The second category of comments was concerned primarily with 
the discussion of the impact and the alternatives included in the 
draft. Since these same issues were dealt with by witnesses 
appearing at the public hearing, particularly in their predictions 
of the impact of the proposed standard, t ,e relevant chapters 
(VI and VII) have been revised to reflect these comments. 

2. NATURE OF BACKGROUND INFORMATION PROVIDED 

A large number of witnesses at the public hearing presented 
evidence directly bearing on the health hazards associated with 
vinyl chloride. Generally, this testimony falls into the 
following areas: 

o Carcinogenicity of vinyl chloride in animals 
~ Results of animal experiments 
~ Interpretation of experiment results 
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Problems of extrapolation of results from animals to humans 

- Mechanism of vinyl chloride carcinogenesis 
— Unknown areas that await further study 

o Carcinogenicity of vinyl chloride in humans 

- Results of clinical studies 

- Results of epidemiologic studies 

- Problems in diagnosing angiosarcoma of the liver 

- Interpretation of results of studies in terms of a 
"safe" level of exposure for humans 

This testimony has been evaluated and incorporated into 
Chapter III of this report insofar as was possible in the time 

available. 

The second major area of information provided at the hearing 
was the results of monitoring studies designed to identify the 
current levels of exposure in severs] types of plants and 
operations. Witnesses provided the following types of information. 
(1) the major sources of vinyl chloride in the workplace, 
identifying the types of equipment which constitute the major 
problems; (2) exposure levels observed in the plant and related 
to worker job categories; and (3) the relationship between 
residual monomer levels and the existence of an exposure hazard in 
compounding and fabricating plants. This information was provided 
for monomer, polymer, compounding, and fabricating operation^. 

Much of this information has been provided in post-hearing 
comments which have been included in the hearing record. At this 






time, the patterns that can be discerned from the data are 
relatively general in nature. To the extent possible, this 
information has been incorporated into Chapter IV. 

The third major type of information provided at the hearing 
bears on methods for dealing with exposures in the various 
plants and operations, ihe primary areas of discussion dealt 
vlth: (1) methods of monitoring to detect the presence of 
vinyl chloride; (2) the ability of respiratory equipment to 
reduce exposure; and (3) engineering changes and work practice 
methods that could reduce exposures in each of the types of 
plants and operations. 






Testimony presented at the public hearing and comments 
received on the draft environmental impact statement dealt with 
the ability of tbe affected companies to comply with its 
provisions. The comments fall into two categories: (1) those 
discussing the feasibility and effect of the proposed standard 
taken as a whole; and (2) those dealing with specific provisions 
of the proposed standard. 

In the first category of comments, witnesses described the 
structure of the PVC industry, demonstrating the interdependence 
of its various parts and the relationship to other parts of the 
economy. Witnesses demonstrated the effect of the proposed 
standard if certain of its requirements were imposed on industry. 
Industry witnesses were concerned with the technological 
feasibility of complying with the standard as proposed, specifically, 
the feasibility of installing engineering controls to achieve a 
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"no detectable level". These issues are discussed in Chapter 
VI and VII. 

The second category of comments on the proposed standard 
concerned specific language that was used. In most cases, the 
comments reflected the difficulties of interpreting certain 
provisions. In particular, these comments addressed the following 
parts of the proposed standard: (1) definitions of the 
terms "authorized employees," "contaminated," decontamination," 
"detectable level," emergency, "exposure," "fabricated product," 
and "waste resin;" (2) the accessibility of records to employees; 

(3) the nature of engineering controls for different types of 
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operations; (4) the necessity of certain requirements for 
hygiene facilities and practices and for protective equipment; 

(5) interpretation of the confidence level requirement for 
monitoring; (6) the necessity of specifying the medical surveillance 
requirements in detail; (7) the language to be used on signs and 
labels; (8) the correctness of the specifications 
for respiratory equipment; and (9) the length of time for 
record retention. A consideration of these comments have been * 
incorporated into the discussion of the provisions of the 
proposed standard. 
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- OCCUPATIONAL SAFETY AMD HEALTH ADMIN 1ST EAT I OH 
U. S. DEPARTMENT OF LABOR 
Washington, D.C. 


In the Matter of 

PROPOSED PEP-MAM "NT ST.AN DA PM 
FOR OCCUPATIONAL ENPC3URE 
TO VIITTL CHLORIDE 


Docket OSH-36 


MOTION TO REOPEN HEARING, 70 EXTEND THE TIME 
FOR THE FILING OF CCIUIZNTS ON THE PRELIMINARY 
REPORT CONCERNING ECONOMIC IMPACT STUDY BEING 
CONDUCTED BY FOSTER. D. SMELL, INC. AND 10 
ESTABLISH A DATE FOR SUBMISSION OF COMMENTS 
WITH PAS REST TO TEE FINAL REPORT ON THE SAME SUBJECT 


FIRESTONE PLASTICS COMPANY, a Division of 
THE FIRESTONE TIRE * RUBBER COMPANY, by its attorneys, respect¬ 
fully moves that the public hearings in tlie alcove-captioned 
matter be reopened for the purpose of affording all interested 
parties an opportunity to meet and cross-examine all individuals 
who participated in the design, preparation and writing cf the 
Preliminary Report and the anticipated Final Report of Foster D. 
Snell, Inc. on Economic Impact Studies of the Effects of 
Proposed OCHA Standards for Vinyl Chloride; to extend the time 
for the submission of comments with respect to said Preliminary 
Report and to establish a cate for submission of comments with, 
respect to said Final Report. In support of its motion, 
FIRESTONE states as follows: 


• 1. Pursuant to objections to the proposed permanent 
standards for occupational exposure to vinyl chloride filed by 
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numerous interested parties, public hearings were scheduled and 
were held before the Honorable Gordon J. Myatt, Administrative 
Law Judge, on June 25 through 28 and on July 8 through 11, 1974, 
at the Departmental Auditorium, Department of Labor Building, 

14th and Constitution Avenue, N.W., V7ashington, D.C. 

2. At the conclusion of the public hearings, 

Judge Myatt ruled that the'recora would remain open until 
August 23, 1974 for the receipt of general comments, that the 
record would remain open for^an additional period after 
August 23, 1974 solely for the submission of written comments 
on an economic impact study being conducted for OSHA by an 
independent consultant and that certification of the record 
pursuant to 29 C.F.R. 51911.17 would not occur until after the 
date set for submission of comments on the economic impact 
study (Tr. 1976-1979). 

3 . The Assistant Secretary of Labor of Occupational 
Safety and Health filed a notice which was published in the 
Federal Register on August 26, 1974, announcing the availa¬ 
bility of the economic impact study conducted for OSHA by an 
independent consultant and specifying that written comments 
regarding the study would be received and considered provided 
that such comments were postmarked no later than September 6, 

1974 (39 Fed.Reg. 30844 (1974)). 

. i . 

4 . The economic impact study referred to above was 
conducted by Foster D. Snell, Inc. ("Snell") and was commenced 
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on July 11, 1974, two months after the issuance of the pro¬ 
posed permanent standard and 17 days after the start of the 
public hearings. A Preliminary Report was delivered to OSHA 
by Snell on August 23, 1974, and a Final Report is to be deli¬ 
vered to OSHA by Snell on September 13, 1974. Consequently, 
September 6, 1974, established as the postmark date for com¬ 
ments concerning the study, only^provides interested parties an 
opportunity to comment on the Preliminary Report because the 
Final Report will not be submitted for the record until after 
the date for submitting comments has expired. 

5 . On August 23, 1974, Snell submitted its Preliminary 
Report entitled "Economic Impact Studies of the Effects of 
Proposed OSHA Standards for Vinyl Chloride" to OSHA. The deci¬ 
sion of the Court of Appeal in Industrial Union D epartment, 

AFL-CIO v. Hodgson , 1 OSHC 1631, _ F.2d _ (D.C.Cir. 1974) , 

determined that the economic impact of a proposed permanent 
standard for occupational exposure to a substance v/as a "crucial 
issue" for the Assistant Secretary in promulgating a standard 
under Section 6(b)(5) of the Occupational Safety and Health Act 
of 1970 ("Act"), 29 U.S.C. §655(b)(5) (1970). Only two reports 

on the economic impact of proposed standards for occupational 
exposure to vinyl chloride will be a part of the record in these 
proceedings (excepting the Arthur D. Little, Inc. report which 
relates to effects of the proposed standard on the entire U. S. 
economy): the study conducted by FIRESTONE and Snell's study 

as expressed in its Preliminary and Final Reports. 








- 6 . Crucial issues, which can only be resolved by 

cross-examination of the persons who designed, prepared and 


wrote the Snell Reports, are raised by a review of the Preliminary 
Report alone, for example: 

(a) The need to obtain additional and specific 
information and data concerning the basis on which Snell deter- 
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mined capital cost estimates for various hypothetical exposure 
levels because Snell's Preliminary’ Report does not include any 
information or data indicating the bases on which it reached 
its conclusions or the actual information and data relied upon. 

(b) The need for verification of sources and of 
data obtained from industry with respect to capital cost esti¬ 
mates for each hypothetical exposure level, particularly in 
view of the fact that Snell has totally misrepresented data 
presented by FIRESTONE with respect to ability to meet a non- 
detectable level of occupational exposure and excluded 

FI RESTOES's data from its capital cost estimates survey (as is 
more fully explained in the letter of August 27, 1974 from 
Todd C. Walker, attached hereto as Exhibit A). (See p. V-6 of 
Snell's' Preliminary Report and Exhibits referred to in connec¬ 
tion therewith.) 

• % 

(c) The need for verification of sources and 
data obtained ’from industry with respect to estimated time to 
achieve the hypothetical exposure levels referred to in the 
Preliminary Report. 


/ 


- 4 - 


1 




I 

I 


1 

I 


■ 


(d) The need for identification and verification 
of computational formulas for arriving at cost per pound esti¬ 
mates to be imposed on industry at each hypothetical exposure 

level. 

(e) The need for explanation as to the basis for 
all conclusions reached by Snell as' to -VC4 levels potentially 
achieved" by industry and as to the absence of such conclusions 
in the Preliminary Report with respect to certain other hypo- 
thetical exposure levels. 

(f) The need for explanation as to the c_ 

of conclusions in the Preliminary Report as to estimates pro¬ 
vided by Snell'of the percent capacity of tho industry subject 
to shutdown at all hypothetical exposure levels. 

(g) The need for verification and specific 
identification of sources and information pertaining to esti¬ 
mates of time needed for deliveries of equipment deemed neces¬ 
sary for achieving compliance with hypothetical exposure levels. 

(h) The basis on which certain process equip- 

t vc equipment manufacturers and 

ment and personnel protcctiv 4 t 

design engineers were selected to provide information and data, 
whereas accepted suppliers of such equipment and certain cnrm.ee 
ing firms having extensive experience in tho PVC industry wore 
not contacted to provide such information anddata. 
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- (i) The need for verification and specific 

identification of sources and information pertaining to Snell s 
conclusions as to estimated time for industry to comply with 
hypothetical exposure levels. 

m- 

(j) An explanation as to the bases or reasons 
why the conclusions of the Preliminary Report with respect to 

4 

cost per pound estimates in PVC plants generally Gac1uc.g ^rem 
consideration reduced numbers of PVC plants and total PVC 
capacities in increasing percentages as the various assumed 
hypothetical exposure levels are reduced. 

(k) An explanation of the basis for selecting 
increasingly limited numbers of plants in differing age cate¬ 
gories to prepare estimates of the cost per pound estimates -o_ 
PVC plants generally. 

(l) The absence of any data or supporting 

studies of engineering specialists by Snell directed to the 

issue of technological feasibility, as opposed to the impact 

on the economics of the industry. 

• • 

(m) The absence of any data or supporting 

studies on the economic effect of hypothetical exposure cvels 

\ 

on foreign competition. 

(n) The absence of any data or supporting 
studies taking into consideration the economic impact ana 
effects on competition resulting from the geographic distribution 
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of PVC plants as shown in Exhibit III-6 of the Preliminary 
Report. 


(o) The need for explanation and detailed in¬ 
formation and data of the factors taken into consideration in 
determining i_hc capital costs of the so-called "grass roots" 
plant described in exhibit IV-13 and whether such costs include 
acquisition and purchase costs of the land and the costs for 
common services, such as utilities, water treatment, etc. 


(p) The need for explanation, specific informa¬ 
tion and data and identification of sources utilized as a basis 
for the cost estimates of monitoring equipment at pages V-14-15 
when compared with the FIRESTONE data included in its written 


presentation. 


(q) The need for explanation as to the reason 
the Preliminary Report neglected to include at page V-18 the 
medical costs of bi-annual examinations for employees with 
more than ten years of employment as required in the proposed 
permanent standard. 


7. Moreover, equally important, if not more signi¬ 
ficant, crucial ssues are raised by the proposed inclusion in 
the linal Report of detailed studies and material, which inter¬ 
ested paitics will not even have a chance to comment upon, ana 
which can only be resolved by cross-examination, for example: 
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(a) An analysis of cases representing potential 
exposure Units between "no detectable and 25 ppm" (p. II-5, 
Preliminary Report) . 

(b) "Data refinement" where indicated in the 
body of t»*3 Preliminary Report (p. II-5, Preliminary Report). 

(c) Ti.a 35,000 gallon reactor technology (p. 

II-5, Preliminary Report). 

(d) Polymerization cycles and reactor cleaning 
(p. H-5, Preliminary Report. 

. (e) Monomer stripping (p. II-5, Preliminary Report). 

(f) Carbon absorption (p. II-5, Preliminary Report). 

(g> General R&D (p. II-5, Preliminary Report). 

(h) The case study of a PVC plan "representative 
of the industry with good exposure data and assumed to be under 
a 10 or 15 ppm TWA" (p. VI-1, Preliminary Report). 

(i) The need for detailed explanation and ider.ti- 
on of sources of data and information relied udoh in stat¬ 
ing a potential time table for implementation of a hypothetical 
continuous polymerization plant, as stated in Exhibit C-2 (5) (6) , 
and the extcnt j to which engineering and technologies presently 
are capable of implementing such a plant or those which may be 
developed in the immediate future. 
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Section 


and regulations (29 C. 
the fundamental import 


1911.15(a)(2) and (a)(3) of OSHA's Rules 
F.R. 51911.15(a)(2) and (a)(3)) recognized 
ar.ee of the right to cross-examination in 




the development of a record subject to the substantial evidence 

«r- 

test under Section 6(f) of the Act (29 U.S.C. §655(f) (1970))/ 


as follows: 


"(a) * * * (2) Section 6(b)(3) provides 
an opportunity for a hearing on objections 
to proposed rui. making, and secti.on 6(f) 
provides in connection with the judicial re¬ 
view of standards,, that determinations or 
the Secretary shall be conclusive if sup¬ 
ported by substantial evidence in the record 
as a whole. Although these sections are not 
read as requiring a rule making proceeding 
within the meaning of the last sentence of 
5 U.S.C. 553(c) requiring the application of 
the formal requirements of 5 U.S.C. 556 and 557, 
they do suggest a Congressional expectation 
that the rule making would be on the basis of 
a record to which a substantial evidence test, 
where pertinent, may be applied in the event 
an informal hearing is held. 


tivc 
an on 
cruci 


"(3) The oral hearing 
in type. However , fai 
nortunitv for crons—ax 


shall be legisla- 
-v-*-, o <-• r* ^ r%v j"0 ci U r_ y G 
ar.'.m.ar.Tc’n cn 


ill iS5U.:S . 


me pro sic mg o; 


iccr a. 


empowered to permit cross-examination under 
such circumstances. The essential intent is 
to provide an opportunity for effective oral 
presentation by interested persons which can 
be carried out with expedition and in the 
absence of rigid procedures which night un¬ 
duly impede or protract the rule making pro¬ 


cess. 


"(b) Although any hearing shall be in¬ 
formal and legislative in type, this part is 
intended to provide more than the bare csscn 
tial's of informal rule making under 5 U.S.C. 
553. The additional requirements are the 
following: 


9- 








- "(1) The presiding officer shall be a 

hearing examiner appointed under 5 U.S.C. 

3105. 

"m The presiding officer s hall pro- 

vide an emmor-^ ' ■ L ° j : —£, r ~ --- 

. crucia 1 i se -Q3 . 

"(3) The hearing shall be reported ver¬ 
batim, and a transcript shall be available to 
any interested person on'sucn terms as the pre 
siding officer may provide." (Emphasis adeed) 

4 

9. Cross-examination with respect to the facts con¬ 
cerning crucial issues is the handmaiden of trustworthiness, 
right and fundamental element of procedural due process. 
Interstate Commerce Commission v. L ouisville i Mar.hvi Ho 
227 U.S. 88 (1912); Alford v. United States, 282 U.S. 687 (1031) 
Morgan v. Unitod Stat es, 304 U.S. 1 (1037); National Tr ailer 
Convoy. Inc, v. United Staton , 293 F.Supp. 634 at 636 (1065); 
Appalachian Power Co. v. Lnviron gental Protoctlcr. _Accncv < ' n 
F. 2d *495 at 503 (4 Cir. 1973). OSHA's representatives at the 
hearing conducted extensive cross-examination of all interested 
persons with respect to the facts concerning crucial issues, 
including the economic impact of the proposed standards for 
■occupational exposure to vinyl chloride. Vet, the developers, 
preparers and authors of the Preliminary Report, which was com¬ 
missioned by OSilA and one of the two reports in the record cn 
the issue of economic impact, hove not been subjected to - r0 -'- 
examination on their procurement, development and analysis of 
critical facts. Moreover, the Final Report which will contain 
critical matters not touched upon in the Preliminary report is 
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to be included in the record without even an opportunity for 


comment. Such a procedure not only violates the fundamental 
concepts of elemental due process but also squarely contravenes 
fundamental fairness. .* 

10. The Rules of Procedure for promulgating, modify¬ 
ing or revoking occupational safety cr health standards adopted 
by the Secretary of Labor pursuant'to Sections 6(b) and 8(g) of 
the ?^ct specifically require, as noted above, that the presiding 
officer provide an opportunity for cross-examination on crucial 
issues (51911.15(a)(3), 29 C.F.R. 51911.15(a)(3)). Section 
1911.16 of the procedural rules and regulations specifically 
requires the officer presiding at a hearing to conduct a fair and 
full hearing and enumerates, intor a lia , the powers of the hear¬ 
ing officer as follov.’s : 

"The officer presiding at a hearing 

shall have all the powers necessary or appro¬ 
priate to conduct a fair and full hearing , 
including the powers : 

"(a) To regulate the course of the pro¬ 
ceedings ; 

"(b) To dispose of procedural requests, 
objections, and comparable matters; 

* * * 

"(e) In his discretion, to permit cross- 
examination of any witness; * * (Emphasis 

added) 

11. Administrative agencies ore required scrupulously 
to folic./ their own procedures even where the procedures adopted 
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by the agencies are more rigorous than otherwise would be re¬ 
quired. Norton v. Ruiz, _ U.S. 39 L.Ed.2d 270 at 294 

(1974). Thus, as stated in Pncilic ••■olasr.er. Co. _ v. 

F.2d 386 at 389 (5 Cir. 1966) : 


"When an administrative agency pro¬ 
mulgates rules to gc .’em its proceedings, 


rnui.qi- -- - , 

these rules must be scrupulously ooservea. 

See Service v. Dulles (1357), 354 U.&. 3o3, 
77 S.Ct. 1152, 1 L.Fd.2d 1403. This is so^ 
even when the definec prccccures are 
generous bevond the requirements that bind 
such agenev * * *.' Vitarclli v. Seaton, 
(1959), 35? U.S. 535 , 547 , 79 S.Cw.^68, 3 
L.Ed.2d 1012 (Justice Frankfurter cissen^ 
inq). For once an agency exercises its 
discretion and creates the procedural rules 
under which it desires to have its actions 
judged, it denies itself the right to vio 
late these rules. United States ex rei. 
Accardi v. Shaughr.essv (19 50 , 34/^U.S. 

260, 74 S.Ct. 499, 98 L.Ea.681. 


See. also, Yellin v. U nited States , 374 U.S. 109 (1963); 

United States v. Lcahev , 434 F.2d 7 (1 Cir. 1970) , hoi] : 

v. Balcom, 441 F.2d 419 (6 Cir. 1971). Failure to provide 
interested parties an opportunity to cross-examine the authors 
of the Snell Reports containing data and information directly 
related to crucial issues clearly violates the rules of procedure 
and regulations adopted by the Secretary of Labor and deprives 
interested parties of an opportunity for a "fair and full hearir. 
as is expressly required by the procedural rules and regulations 

adopted by the, Secretary. 
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WHEREFORE, FIRESTONE PLASTICS COMPANY respectfully 


requests that the hearing herein be reopened for the sole purpose 
of affording interested persons an opportunity to cross-examine 
those individuals who prepared, developed or authored the 
Preliminary and Final Reports of Foster D. Snell, Inc. on 
Economic Impact Studies of the Effects of Proposed OSSA Standards 
for Vinyl Chloride, and that the ^Administrative Law Judge be 
authorized to establish a new date for receipt of comments on 
the Preliminary Report and a date for receipt of comments on the 
Final Report at the conclusion of the reopened hearing. 

Respectfully submitted, 

FIRESTONE PLASTICS COMPANY 


--->s 


^ Onii'N, ^ 'v' </ f i. • // 

0lTD"6 ; W/ts At torn ey 5 / 


WALTER B. CONNOLLY, JR., r 

Assist n n t C o ur. r. o 1 

The Firestone Tire & Rubber Company 
1200 Firestone Parkway 

Akron, Ohio 4*1317 


JOHN J. CASSIDY, JR. 

Of Counsel : 

VEDDER, PRICE, KAUFMAN & KAMMIIOLZ 
39 South LaSalle Street 
Chicago, Illinois GOG03 
312/34G-554 4 


Dated: August 29, 1974 
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CERTIFIC 


The undersigned hereby certifies that a copy of the 
foregoing Motion was nailed on August 29, 1974 to the following 


Honorable Gordon J. Myatt, (Original) 

Adminis trative Law Judge 

U.S. Dcpartnent of Labor 

Department of Labor Building 

14th and Constitution AVenue, N.W. 

Washington, D.C. 20037 

Honorable John Stender, 

Assistant Secretary of Labor for 
Occupational Safety and Health 
U. S. beoartment of Labor 
1726 M Street, N.W. 

Washington, D.C. 20210 

Messrs. Edward Klein and David Kuchenbecker 
• Office of the Solicitor 
U.S. Department of Labor 
Department of Labor Building 
14th it Constitution Ave. , N.W. 

Washington, D.C. 20037 

Mr. Daniel P. Boyd 
Office of Standards Development 
U.S. Department of Labor Building 
14th and Constitution Avenue, N.W. 

Washington, D.C. 20037 

Mr. Julius Jimeno, 

‘ Hearing Management Officer 

Occupational Safety and Health Administration 
U.S. Department of Labor 
1726 M Street, N.W. - Room 200 
Washington, D.C. 20210 


Qc 


7 d/.'h i i n '/ Casa l dy , Jr .< / 
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BEFOR ■; THE 

OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION 
UNITED STATES DEPARTMENT OE LABOR 


Health Research Group 


) 

) Comments Docket No. OSH-36 

) 


IN THE MATTER OF THE ECONOMIC IMPACT STUDY 
ON THE PROPOSED PERMANENT STANDARD ON OCCUPATIONAL 
EXPOSURE TO VINYL CHLORIDE 


The Health Research Group, Public Citizen Inc., a public 
interest organization involved in research and advocacy on occu¬ 
pational health, offers the following comments on Economic Impact 
Studie s, of the Effects SE E...; A Standa rds for- Vinyl C h i or! co 

Prelini ror y R-o -or? , Contract No. L/A 7*1-167, prepared by Foster D. 
Snell, Ir.c. for consideration in the proceedings on the proposed 
permanent standard for vinyl chloride. The proposed standard was 
published at 39 Fed . Her. . 16896 (May 10, 197*0 and these comments 
are submitted pursuant to the notice of availability of ^he econ- 

study published at 39 Fed . Her ■ 3C8^4 (August 2o, 19/*0* 


ornic impact 
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ECONOMIC FEASIBILITY: THE STATUTORY CRITERIA 

The broad issue of "economic feasibility" involves two 
distinct regulatory considerations. First is the permissible 
function of economic data in the promulgation of occupational 
safety and health standards under section 6(b)(5) of the Act,^ 
and second is the burden and Quantum of proof necessary to 
establish economic infeasibility when this defense is raised by 
industry. With respect to the first consideration, we renew 
fundamental objection to the consideration of economic 
feasibility per se in OSHA standard-setting. 2 However, the follow¬ 
ing comments will be based on the argumentative assumption that 
the narrow economic considerations authorized in the judicial 

review of the asbestos standard will withstand subsequent re— 

3 


view. 


Section 6(b)(5) provides that the Secretary shall "...set 
the standard .'<nich most adequately assures, to the extent 
feasible...that no employee will suffer material impairment of 
health or functional capacity...." 29 U.S.C. s 655(b)(5). The 
textual authority for economic considerations relied on by the 
Court in the asbestos case is the term "feasibility". While the 
Court concluded that the term "feasibility" might extend to econ¬ 
omics, it is essential to note that the Court did not mandate 
the consideration of economics. Rather the Court concluded that 
economics was merely a permissive criterion in assessing the 
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practicability of the standard. 5 Moreover the Court did not in¬ 
terpret the statute to authorize the wholesale dilution of oc¬ 
cupational safety and health standards based on the economic 
fears of industry; it stated that economic feasibility "...is 
not intended to provide a route by which recalcitrant employers 
or industries may avoid the reforms contemplated by the Act...." ^ 
Finally, infeasibility does not exist simply because the standard 
is financially burdensome or adversely affects profit margins. 

As the Court tersely pointed out, "Nor does the concept of 

econo,..i^ ,_ty necessarily guarantee the continued exis¬ 

tence of individual employers...."^ 

The restricted function of economic data in standard-setting 
is a recognition that compliance inevitably results in economic 
impact. In fact, the purpose of mandatory standards is to com¬ 
pel eacn affected employer to make the necessary investments in 
the workplace and its operations so that the indifferent em¬ 
ployer is not competitively advantaged by his disregard for worker 

g 

safety and health. Furthermore the statute provides specific 
economic relief for small businesses, 9 as well as other variance 
remedies. 10 The statutory assistance offered to small businesses 
indicates Congressional intention that compliance costs are to 
be absorbed as the cost of doing business ("internalization") 
and that alternative compliance techniques and demonstrated hard¬ 
ship would be considered in individual cases. Therefore, economic 


V, 
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feasibility must involve extraordinary costs which are not 
diminished by the personal, social and industrial costs of con¬ 
tinued disease and injury,and which are not counterbalanced by 

the savings of the improved health and functional capacity of 
workers. 

Judicial interpretation and statutory analysis not only 
severely restrict the consideration of economic data in the 
standard-setting process, they direct that economic infeasib¬ 
ility shall be demonstrated by detailed and specific proof. An 
employer may not mask his recalcitrance behind simplistic ex¬ 
pressions of concern for worker health or generalizations about 
economic infeasibility. As the general counsel for the Society 
of Plastic Industry recognized, industry has the responsibility 
to obtain "hard data" in fulfilling its obligation to make the 
record as "comprehensive, objective and complete as possible". 1 * 
Vague generalities, self-serving assumptions, and unsubstantiated 
analyses must be excluded from consideration. Moreover, this 
case must not be confused with cases where evidence is not pres¬ 
ently available from any source. 12 Rather this is a case where 
the evidence on economics is immediately available to industry 
by exclusive possession of corporate books, reports and records. 
Nonetheless, industry persists in its assertion that the Secre¬ 
tary must draw the inference of economic infcasihility despite 
its own refusal to submit all economic data regarding its fi- 
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nancial condition and the state of the technological art. More¬ 
over, the suggestion that data involving economic and technological 
feasibility is privileged because it involves trade secrets is 
virtually untenable. Section 15 of the Act^ relating to trade 


secrets is not a basis for denying the Secretary access to the 
information; it simply provides a penalty against government em¬ 
ployees who subsequently disclose trade secrets submitted to the 
Secretary. Since the data is within the exclusive, control of 
the employer, it is entirely appropriate to place the burden of 
proof (production and persuasion) regarding economic feasibility 
on those who nak<. this claim. Similarly the traditional eviden¬ 
tiary rule must be applied which draw's an adverse inference from 
the employer and the industry's failure to produce all relevant 

, 4 - 

data. 


METHODOLOGY OF THE ECONOMIC IMPACT STUDY 


The contracted study prepared for the Occupational Safety 
and Health Administration purports to be an economic impact study 
of the various alternative standards for vinyl chloride. How¬ 
ever, the preliminary report reveals that the expected study of 
economic impact has in fact attempted to concentrate on tech¬ 
nological feasibility. The unfortunate result of this double 
assignment is that the study fails to satisfy either objective 
as a result of input deficiencies and analytical inadequacies. 
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\ 
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Moreover, the study devotes most of its time to the alternatives 


to the proposed permanent standard of "no detectable" exposure. 


1 -e . 50 and 25 ppm ceilings, 25 ppm TV/A with 40 ppm ceiling and 
lower TV/AsTo a large measure this improper bias is based on 


the contractor's acceptance of the industry position that the 


itandard of "no detectable" exposure is "infeasible"."^But the: 


fundamental errors pale in contrast to the purposeful definition 


of economic impact (either by the contractor or the Assistant 


Secretary) as the "direct cost impact on the VCM and PVC in- 
18 - 

dustries." This myopic concentration on compliance costs dis¬ 


regards entirely the personal, social and even industrial costs 


of continued disease as well as the savings from improved health 


from the elimination of worker exposure to vinyl chloride. These 


critical omissions make the study legally insufficient with re¬ 


spect to any conclusions involving economic infeasibility or the 


assessment of total cost impact. 


Jnout Deficiencies 


The reliability and validity of the conclusions drawn from 


the data analysed by the contractor is initially dependent on 


the accuracy and thoroughness of the information-gathering 


process. Chapter u of the study indicates that field (plant) 


visits, technical discussions, and telephone interviews comprised 


the major surveying techniques .However, the preliminary re¬ 


port fails to include a copy of the detailed interview and sur- 


/ 





vey protocols. It is, therefore, impossible to examine the re¬ 
liability of the survey, the validity of the responses or the 
soundness of any conclusions drawn from the data, base. The im¬ 
portance of this survey protocol is re-emphasized by the failures 
to provide sources for numerous conclusions and tabulations. 

For example, in attempting to describe the polymerization process 
at American Chemical, the Ethyl plants, Dow-Plaquemine and the 
Monochem plant, the contractor was compelled to preface his state 
ment with the phrase "...is believed to feature...." 2Q The failure 
of the data collection system employed by the contractor is ob¬ 
vious especially 'when two of these companies had actually been 
visited by a study team. Moreover, in surveying the state of 
the technological art with respect to VCM, no study team or in- 
vestegator met with Dow Chemical engineers and technical experts, 
one of the few companies with three generations of synthesis 
plants. The importance of these omissions is the fact that the 
study purports to be an analysis of technological feasibility 
yet its technical discussions did not involve either Dow Chemical 
or Firestone—two corporations prominently involved in this stan- 
dard-setting procedure. 13o explanation of the selection of the 
companies involved in technical discussions is supplied in the 


report. 


Moreover, the study fails to identify the composition of 
the study teams who conducted the surveys and interviews and the 
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qualuications of the company participants. The use of tech¬ 
nology discussions suggests the deficiency of a plant visit as 
a basis for sound technological judgment. Finally, the contractor 
claims to have discussed "technological feasibility" with the 
trade associations ‘ 2 yet the preliminary report r.ev r references 
these discussions in its assessment of available technology. 

Thus, either these associations provided information whose use 
the contractor reiuses to disclose or these discussions were in¬ 
significant. 

The study, however, suffers from other serious input defic¬ 
iencies involving the thoroughness of the investigation. V.'hile 
this study presumes to be a study of technological feasibility, 
the contractor accepts certain fundamental representations of 
industry that the ’’no detectable level" standard is infeasible* 
Unfortunately, the study lacks any definition of the admittedly 
complex ceim cecnologica! feasibility" by either the contractor 
or the individual companies. Furthermore, Appendix C indicates 

that the contractor was not supplied with proprietai’y inforna- 
2 4 

tion. Company refusals or contractor ineffectiveness could ac¬ 
count for this and the preliminary report provides no criteria 
to evaluate claims of confidentiality . 25 The failure to obtain 
these data makes the report basically a compilation of industry 
characterisations selectively supported by the information it 
elected to disclose. 


. (• 
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Ana] ,v tl cal I r; ~i rio o uacios 

Intimately related with the input deficiencies of the study 
is the adequacy of the analytical framework to measure the basic 
problem in Issue. While the contracted report appears to be an 
economic impact study, it fails to assess the entire range of 
economic impact by concentrating exclusively on compliance 
costs. Conversely, as a technological feasibility study, it 
tails to actively investigate the state of the technological art 
or industry's representations about it. The study does not even 
include a definition of "technological feasibility" against which 
the contractor wj11 measure the relative capabilities of the in¬ 
dustry . 

Technological feasibility has been a critical issue in the 
enforcement ol other standards, most notably noisd^and the thres¬ 
hold lj.rn.it values of air contaminants?' Furthermore, the U.S. 
Court of Appeals for the District of Columbia Circuit considered 
the problem of feasibility generally. Its reference to laggard 
employers is critical to any evaluation of technological or 
economic feasibility. The Court observed "...it would appear to 
be consistent with the purposes of the Act to envisage the econ¬ 
omic demise of an employer who has lagged behind the rest of in¬ 
dustry in protecting the health and safety of employees and is 
consequently financially unable to comply with new standards as 
quickly as other employers. ..." ^^in discussing technological 
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feasibility specifically, it describes "protective devices un- 

29 

available under existing technology" and "protective measures 

technologically achieva'ole" . ^Thus, the Court is discussing 

achievable technology as well as existing technology. Moreover, 

in assessing the state of the technological art it is critical 

to remember Congressional aversion to consensus standards which 

31 

are no more than the lowest common denominator. The Court's 

discussion reflects a similar emphasis in its requirement of 

existing or achievable technology. The preliminary report not 

only fails to define technological feasibility, it evidences no 

sensitivity to the distinctions to be drawn with respect to 

technological capabilities—distinctions which are central to 

any findings or recommendations it makes in its final report. 

For example. Appendix C contains a reference to a production 

method which elicited a statement from an unidentified respon- 

32 

dent who claimed the method was "highly uneconomical . How¬ 
ever, it is entirely inappropriate to reference such a state¬ 
ment without any consideration of the respondent's status as a 
"laggard" or the competitive disadvantage to the respondent of the 
particular method. Without such qualifying information, the state¬ 
ment is valueless in assessing the technological or economic fea¬ 


sibility of the process. 

There is, however, another type of laggard whose difficul¬ 
ties economically and technologically deserve no recogition what- 
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s° e ver in these proceedings. That is the employer who has failed 

to attain even the minimal requirements of the emergency tem.no- 

33 

rary stanuard. That employer fails to enter this forum with 
clean hanc 3 and any expenditures which would be necessary to 
meec the 50 ppm standard must automatically be discounted 
f 1041 I any estimates oi compliance costs. Not only might such 
an employer start from a position with greater options than 
those I'.iio nave complied, it is also unfair to those who achieved 
compliance. Furthermore, the expenditures necessary to reach the 
oiLci iicj oWnclaru level must be discounted whorevep the Gmoloycr* 
has failed to attain that level regardless of the employer's 
ouccc. s .. n other o; jo rations. On October 5th, when the permanent 
standard must replace the emergency standard, compliance with the 
50 ppm level must be accomplished; the failure to do so, and the 
additional cost it may require, merits no attention in an 
economic feasibility study. 

The preliminary report also employed another criterion in 
making its assessment that price increases were "reasonable". 

No lawyer would fail to recognize the inherent problems with any 
reasonableness" test and therefore the necessity for the ces- 
ci ip ti on Oi the mouel. lor e x amp 1 c , if " re as on ab le price" me an s 
a market price" then the definition is valueless since "market 
price" is dependent on supply-demand relations which are the ob¬ 
ject of tiie economic impact study being conducted. If, however. 
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"reasonable price" is to be determined in line with commer¬ 
cial law traditions then appropriate considerations must be 

35 

identified, e.g . resale on breach of a sales contract. The 
study provides no such model. Finally, if the definition of 
reasonable price has been derived from the survey conducted by 
the contractors, it is essential to describe parameters identi¬ 
fied by the respondents. "Reasonable" as a measure of accepta¬ 
bility to the industry serves a useful function in’articulating 
the presently tolerable price increase. However, as a measure 
of an "unreasonable price" or as a negative inference the con¬ 
cept of "reasonable price" is valueless unless the factors for 
determining a price to be unreasonable are surveyed and identified. 
For example, an employer engaged in polymerization might consider 
the price of VCIi "unreasonable" simply because it adversely af¬ 
fected what the employer considered to be an acceptable profit- 
margin. This individual standard of "unreasonableness" determined 
on ad hoc basis provides no data base for any conclusion about a 
"reasonable price". 

One remaining analyticalcriterion deserves specific mention. 
The use of the order of magnitude teslas a basis for concluding 
that company estimates are erroneous not only obscures the mag¬ 
nitude of the actual error, it is far too selective in assigning 
error. Thus, as the cost estimate increases the actual amount 
of the error is increasingly obscured. For example, cost esti- 
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mate of $40 which actually coats $4 is in error by $36. However, 
a cost estimate of $4 million which actually costs $400,000— 
again a difference of one order of magnitude is in error by 
$3.6 million! Any cost which survives the order of magnitude 
test at the cost estimates offered by industry is certainly in 
error. The insensitivity of this test in this critical area is 
unacceptable in the standard-setting process. 
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THE SHUTDOWN SCARE 


The economic impact study prepared for the Labor Department 
commits the same fundamental error as an earlier study for the 
vinyl chloride industry prepared by the Arthur D. Little Company 
It accepts unquestionincly the industry assumption that it is 
technologically unfeasible to comply with a standard of "no de¬ 
tectable level" for VCM firms.This irresponsible action is 
tantamount to assuming the virtual cessation of the industry as 
the industry contractor did. Attempting to obscure this as¬ 
sumption in the numerous standards alternatives generated by 
the Labor Department is an obvious evasion of the government con 
tractor's responsibility to investigate the factual validity of 
industry's claims in light of the serious toxicological signi- ■ 
ficance of any human exposure to a carcinogen. Moreover, this 
unthinking assumption incorporates wholecioth the incessant 
chorus of industry witnesses parroting the claim of industry un¬ 
substantiated by any probative evidence. 

The directive on shutdowns issued by the Court of Appeals 

in the asbestos case is explicit. The Court, stated: 

...Nor does the concept of economic feasibility 
necessarily guarantee the continued existence of 
individual employers....38 

Additionally, the Court recognised that this shutdown might le¬ 
gitimately result from a competitive disadvantage caused by a 
firm's inability to abate expeditiously the hazard. 


...It would appear to be consistent with the pur¬ 
poses of the Act to envisage the economic demise 







of an employer who has lacked behind the rest of 
the industry in protecting the health and safety 
of employees and is consequently unable to com¬ 
ply with standards as quickly as other employers.... 39 

Thus the question of economic feasibility turns on the financial 
viability of industry generally,^ a situation which occurs only 
when numerous firms are seriously threatened by shutdowns. This 
point is emphasised by the Court’s distinction between the im¬ 
mediate inability to comply without-delayed effective dates and 
the termination of operations. ^ Therefore, the threat of a 
shutdown as a question of economic feasibility materializes only 
when the composite of each firm's economic impact results in the 
complete destruction of the financial viability of the total in¬ 
dustry. Threats and generalizations about individual shutdowns 
are totally irrelevant; the only possible consideration is that 
the industry as a whole will be threatened as a result of numer¬ 
ous individual shutdowns. 

Initially, it must be noted that immediate cessation of all 
production by the entire industry is highly unlikely. Notwith¬ 
standing trade association generalizations, the determination to 
shut-down will be exercised by each firm based on its own assess 
ment of its individuai market strength. Moreover, the economic 
strength of the industry generally betrays the trade association 

hp 

threats. 


In a competitive industry, the shutdown of the industry 

„ L q 

wouid occur under the following economic principles. J Once com¬ 
pliance with the standard is required, the individual firm will 
be confronted with two operating alternatives: install the nece 
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sary equipment to abate the hazard and pass on the costs in higher 
industry-wide prices or shutdown. The alternative selected by 
the firm will depend basically on its individual operating ef¬ 
ficiency. The firm will take the former course if its total 


revenue exceeds its variable costs. 


then the firm will con¬ 


tinue to produce until the increase in variable costs plus its 
present variable costs exceed its total revenue. The firm should 
then consider shutdown since its total revenue does not meet its 
out-of-pocket or variable costs. This is as it should be be¬ 
cause in this case the benefits to society from producing vinyl 
chloride are less than the costs counting human and health costs. 
However, if the firm is producing significantly above the shutdown 
point, i.e. total revenue equals or exceeds its total costs, 
fixed plus variable, then the increase in variable costs must be 
extraordinary to place this firm in a situation comparable to 
the marginal firm. (See Figure 1). 

Of course, the marginal firm cannot continue production near 
its shutdown point over the long run because the fixed cost ex¬ 
penditures will become a permanent drain on its resources. None¬ 
theless, the prospect of long-term gain will serve as inducement 
to remain in operation. This is true of the marginal firms of .he 
vinyl chloride industry who are the beneficiaries of a steadily 
increasing demand for their product and a high level of profit. 
There fore, the importance of shutdown analysis probably disap¬ 
pears entirely with respect to a strong industry such as vinyl 
chloride. This occurs because there are few, if any, marginal 
firms and because even those firms which are economically dis- 


1 
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advantaged will be willing to suffer short-term losses in light 
of the potential for long-term gain. 

The strength of the industry is indicated by a number of 
critical determinants. PVC output has risen about 70% during 

he 

the last 5 years for a compound growth rate of 11% per year. 

The Sneli study reports that demand remains strong,^ and the 
entire industry is confident of long-run return: investment in 
197*1 will be 37* higher than in 1973j which follows an equally 
robust 25 p increase from 1972.^*7 These figures take on added 
significance in light of the general downturn in the economy dur¬ 
ing this period. Additionally most of the firms are producing 
at a point well above a thin break-even point (long run equilib¬ 
rium point)--a point where the total revenue slightly exceeds 
the total cost or where the marginal cost of producing the last 
unit of production equals the average cost per unit. Exactly 
how far each firm is above the break-even point is impossible to 
determine since industry has consistently failed to provide 
precise data on profit margins. Nonetheless, individual firms 
have indicated full confidence in their industry through stead¬ 
ily increasing reinvestment from 23 % increase in 1972 over 1971, 
to a 37% increase in 1973 over 1972. While Business Week re¬ 
ports significant profit increases the monomer and polymer in¬ 
dustry (Table 1), the economic impact study hypothetical con- 

ii 9 

struct includes a only 20(5 pre-tax profit. 

The thrust of industry's arguments in these proceedings has 
been to dc-emnhasize its financial strength and to characterise 
its flexibility, 1 . e . the difference between its total revenue 







table l: Economic Stren E th of the Industrs 


Ccmoany 

Rank : 
Fortune 
500 

Sales 

(v thousands) 

1970 1Q7"? 

Air Products 

360 

_-*• y 1 p 

261,366 398,901 

Allied Chemical 

95 

1,248,479 1,664,551 

American Chemical” 

- 

4,603,914 

Conoco 

21 

4,224,004 

Diamond-Shamrock 

242 

555,839 651,092 

Dc;v Chemical 

38 

1,911,105 3,067,888 

Ethyl Corp. 

227 

556,856 699,002 

Firestone 

37 

3,124,919 

General Tire 

121 

1,379,966 

B. F. Goodrich 

89 

1,721,928 

Goodyear 

19 

4,675,265 


Hooker Chemical 


36 


3,178,276 


Sales 

($ thousands) 

2 d Qtr. 6 Months 

197*i 


2d Qtr./ 6Mos. 

Percent 
Change Prom 


156,100 

292,400 

) 

+51/+57 

567,700 

1,043,200 

+31/+27 

2,004,500 

3,729,000 

(+64)/(+67)* 

1,831,600 

3,445,100 

+7S/+76 

240,000 

445,000 

+46/+43 

1,325,400 

2,342,000 

+77/+61 

263,500 

459,800 

+47/+34 

851,000 

1 ,636,400 

+S/+12 

420,000 

756,400 

+22/+17 

528,900 

971,700 

+24/+19 

,368,000 

2,543,300 

+13/+12 


1,605,200 


2,940,100 


+98/+97 
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Met Plant c 
& Equipment 
(o thousands) 


Net Income 
($ thousands) 
1970 _ 1973 


356,786 

15,012 

24,059 

946,077 

^3,062 

95,071 

- 

- 

316,585 

- 

- 

242,664 

457,636 

30,092 

50,471 

1,778,424 

129,975 

271,148 

261,380 

35,562 

52,884 

- 

- 

164,861 

- 

- 

76,846 

- 

- 

56,057 

- 

- 

184,756 

- 

- 

76,763 


mm mm 2 : mm° 
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Profits 
($ thousands) 

2d Qtr. 6 Months 

1974 1974 

2d Qtr./6 Mos. 

Percent 

Chance From 

1979 

11,400 

20,600 

+70/+66 

50,500 

83,900 

+72/+67 

160,200 

279,500 

(+104)/(+l97) 

100,400 

209,600 

+94/+111 

25,600 

46.400 

+71/+88 

178,100 

261,700 

+124/+90 

19,600 

33,300 

+37/+2o 

O 

O 
- T 

■=r 

-=r 

76,100 

+ 3/+9 

23,400 

35,900 

-3/-4 

26,500 

41,500 

+53/+36 

61,500 

106,800 

+10/+6 

92,600 

160,400 

+293/+403 

|29gfei mm 

2ME30CM 1 

1 

1 

1 

+ 

\ 

1 

1 


«* 
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Run):: 
Fortune 
500 


o 1 “ 

Sales 

(0 thousands) 
-1210_12L2 


Sales 

(•:• thousands) 

Qtr. 6 Months 

1 97jt _ 19 71 


2d Qtr./ 

iv:can 

Char, re fra; 
19 71 


National Starch 

— 

- 

- 

69,300 

131,500 

+2 7 /+ 2 *l 

Olin Corp.- 
Thompson Plastics 

137 

1,125,301 

1,239 ,292 

361,600 

686,500. 

+*42/+ 38 

Shell Oil 

18 

- 

*4,883,808 

2,177,900 

*2071,*400 

+52/+50 

Stauffer Chemical 

253 

* 182 , 5*43 

621,329 

20*2500 

*129,000 

+31/+31 

Tenneco 

29 

- 

3,910,^72 

1,238,900 

2,353,900 - 

+27/+26 

Union Carbide 

28 

3,026,326 

3,938,800 

1,328,500 

2 ,* 138,200 

+38/+31 

Uniroyal 

72 

- 

2,082,691 

629,100 

1,159,300 

+ 10/+10 

Chemical Industry 




12,^9*2600 

23,155,000 

+ 3*2+29 


Jointly owned by ARCO, a division of Atlantic-Richfield, and 


Pi 


ires 


the Stauffer Chemical Co. 


are the cumulative sales, net income and profits of the ioirt 


owners 


c . . Parenthetical percentages are for Atlantic-Richfield only" v ■ 

Subsidiary of Occidental Petroleum Corp. Figures are those of the parent corporation. 

' 1 * —u£iiiL' June 3 , 1974 , at 34-41; Fortune . Nay 1974, at 232-251. 
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b 

: refits 
($ thousands) 

2d Qtr. 6 Months 

1974__ 19 7 ^ 


2 d Qtr./o 
Perce:; 
Cher, co 
197 


5,400 

17,300 

124,500 

20,500 

87,600 

134,100 

17,800 

1,159,900 


10,200 

29,400 

246,300 

45,900 

171,600 

228,100 

29,500 

2,001,700 


+ 20/+16 

+ 78A75 

+39/+45 
+79/+65 
+106/+79 
+74/+59 
-4/-8 

+ 62/+52 
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and the shutdovm point, as being extremely limited. However 
current profits (Table 1) reveal the flexibility of the individual 
firms. Moreover, only Firestone provided a detailed compliance 
cost estimate (considered inconsistently high by the Snell re- 
searchers) yet even Firestone failed to integrate these costs 
into an economic model which reflects their individual flexibil¬ 
ity. No other company even provided detailed compliance cost 
estimates, not to mention an analysis of their flexibility. 

An analysis of the hypothetical firm constructed for the 

50 a 

economic impact study reveals considerable flexibility. The basis 
for this flexibility is the relatively high rate of return on 
total investment (20£) and also the range of production quanti¬ 
ties (Q^.-.Q^) between the break-even point (the long run break 
even point includes a return on investment here hypothesized 
to be 10J5) and the shut-down point. The Average Fixed Cost of 
VCH was computed to be 0.6l$/lb: overhead (0.15$) plus taxes 
and insurance (0.06$) plus depreciation (0.*10$). The Average 
Variable Cost was computed to be 5-82$/lb.: raw materials, 
ethylene (2.9 ; li) and chlorine (2.01$), plus labor (0.12$) plus 
utilities ( 0 . 25 $) plus maintenance (0.20$) plus selling and ad¬ 
ministrative expense (0.30$). The Average Total Cost equalled 
the Average Fixed Cost (0.61$) plus the Average Variable Cost 
( 5 * 82 $) plus a hypothetical return on capital of 1055 (0.^9$) 
to continue to attract investors (6.92$/lb). The market price 
of 7.^1$/lb. results in an additional 10£ return on capitu.1 

tj 

which is the result of the very strong demand for vinyl chloride. 
The increase in the average cost will of course be determined 

& 
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by the coot of compliance, data which the industry has failed 
to provide. However, there is a . 98<Vlb. flexibility 
described by this analysis even assuming constant prices, 
which would result in production at the break even point. There 
is a 1.10v/lb. flexibility in increased variable costs before shut¬ 
down would occur. 

While it is hypothetically possible that during a brief 
period of time the price for VCM and PVC might remain unchanged, 
this will occur only when the market is out of adjustment. Mar¬ 
ket adjustments will prevail and the price will rise. A price 
rise will particularly benefit the marginal firm since the in¬ 
crease in the total revenue will outstrip the increase in the to¬ 
tal variable cost for most firms.5 1 The probability of a price 
rise is based on two considerations. First, the demand for PVC 
has been steadily increasing in the face of an inelastic supply.'^ 
Moreover, a constant rise in the demand for a product will result in 
momentary price increase due to the complete inelasticity of 
the supply curve in the short run.Neither the individual firm 
nor the industry is capable of instantaneous reallocation and ad¬ 
justment of its production resources in order to increase the 
supply. 9*' Long run adjustments in the supply-demand relation¬ 
ships will occur 1 as production is increased at existing sites or 
additional production facilities are constructed. However, the 
price will never return to its original level because there is 
an additional variable cost necessary to coax scarce resources 

away from other industries in order to expand production in the 
95 * 

VCM industry. In this case those scarce resources are chlor- 


* 
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ine and ethylene. Thus, this price increase in response to 
the rising demand increases the total revenue and thereby in¬ 
ducing expansion and encouraging further capital investment 
in the industry. 

This price increase will be even more marked because of the 
inelasticity of the demand in VCM/PVC market, 3.e. the total 

quantity demanded will vary within a narrow range regardless of 

57 

the price. The reason for this is that in the short run, 

58 

vinyl chloride is a key material in many plastic products. The 
industry testified as to vinyl chloride's unique qualities and 
also as to the extreme expense of searching for a viable sub¬ 
stitute. Any substitute would require engineering modifications 

59 

to integrate it into the manufacturing process. " Accordingly, 
the industry predicted a lag time of 2 or 3 years before suit¬ 
able substitutes could be developed.^ The industry would like 
to characterise these facts as evidence of how vital their prod¬ 
uct is to the economy while at the same time citing an economic 
inability to comply with federal regulations. However, this is 
an economically contradictory argument. It is precisely the 
uniqueness of the vinyl chloride material which will permit the 
manufacturei’S to pass the compliance costs downstream rather 
than absorbing them in a reduced profit margin. Not only is 
the demand for vinyl chloride inelastic, but it has increased 
substantially during the last five years. This fact reinforces 
the likelihood that vinyl chloride production will continue 
regardless of the proposed standard. 
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Market conditions will therefore result in a price in¬ 
crease as the market adjusts to the increased total costs. This 
analysis is confirmed by the economic impact study. 61 The indus¬ 
try claim of complete shutdown not only is unsupported by hard 
economic data, it is contrary to the basic economic principles 
involving a company's capacity to offset its incieased costs by 
tt\>necessary and projected increase in price. 

In light of industry’s spurious shutdown claims in other 

industries such as the automobile industry (emission control 
C P 

standards), and the asbestos industry in relation to compli¬ 
ance with the 2-fiber standard, 63 the Secretary and the worker 
must view with well-founded suspicion the shutdown arguments 
advanced by vinyl chloride monomer and polymer manufacturers. 

In light of a recent economic impact study of pollution control 
expenditures which estimated only 2% or 12,000 plants would be 
forced to shut, down due to environmental regulations, the pres¬ 
ent industry allegations should be recognised for what they are— 
namely an unsubstantiated "shutdown scare". 6,1 

ECONOMIC ANAYLSIS OF VINYL CHLORIDE EXPOSURE 

Compliance costs are the inevitable consequence of any 
effective regulatory action. (Of course, tnis assumes that the 
regulatory action actually leads to abatement, which is not al¬ 
ways true, to say the least.) In fact, they are necessary if an 
existing hasard is to be removed from the workplace. Morover, 
the Occupational Safety and Health Act mandates these expend!- 




I 


- 22 - 


65 

tures through its standard-setting and enforcement mechanisms. 
Therefore, an analysis of economic feasibility is legally un¬ 
acceptable when it concentrates entirely on "direct compliance 
costs" and totally ignores the requirement that no employee will 
suffer material impairment of health or functional capacity. 

In the case of vinyl chloride, this non-impairment oi health 
translates into no detectable worker exposure. Thus the econ¬ 
omic analysis must extend to the costs of failing to implement 
the "no detectable exposure" standard, e. g medical costs and 
lost wages; the consequences of disease and death includ_ng 
family loss and pain and suffering; as well as the savings which 
follow the implementation of the "no detectable exposure stan¬ 
dard. In assessing industry claims of economic mfeasibili uj 
and industry close-down, it must be realized that these blanket 
generalizations are simply untenable, especially when publicly 
available data indicate that the market is capable of responding 
flexibly to a wide range of changing conditions and variable re¬ 
sources . 

A. Direct Cos 

1. Comparative Advantage of Age and Size. 

Industry alleges that the older manufacturing plants require 
more extensive modifications in order to comply with the new stan¬ 
dard because the technological processes used in the older plants 
create a higher danger of vinyl chloride leakage. Information 
describing precisely how many plants are sufficiently outdated to 
require discontinuation rather than modification as a result of 


1 
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federal standard-setting was not provided by the industry. Evi¬ 
dence was presented which shows the comparative advantage which 
will accrue to the firms with newer production methods.67 How¬ 
ever, the comparative disadvantage of the older plants is cer¬ 
tainly not statutorily protected. In light of the fact that 

6 8 

the company's existence is not guaranteed under the Act, it is 
certainly clear that the older plant, constituting a less econ¬ 
omically efficient operation in the'market place, has no basis 
to complain that it is disadvantaged. It is difficult, in fact, 
to predict with any certainty whether this comparative advantage 
of the modern plants will be significant in the short run or 
whether it will remain so in the long run. 

Polyvinyl chloride compounds are frequently produced in 

69 

small quantities to fill particularized specifications. For 
the smaller custom orders the mixing of batches of different 
polyvinyl compounds necessitates repeated vessel cleaning which 
eliminates the economies of scale enjoyed by the new plants 
with their large reacter vessels. The smaller and older plants 
could potentially be used effectively to fill these special or¬ 
ders. However assuming that such a production shift to special¬ 
ized compounds is impossible, some of the older plants which 
have been in existence since the 19^0's are no longer cost-corn- 
petitive and will become obsolete in a few years anyway. The 

effect of the federal regulations in such cases would be merely 

72 

to hasten the departure of the plants from tlie market place. 

But this result is inconsistent with the record demonstrating the 






economic strength of the firms in the vinyl chloride industry 
and their willingness to invest.This indicates that the firms 
will seek to replace or modernize their obsolete plants, there¬ 
by becoming cost-competitive rather than withdrawing altogether 
from this profitable market. 

2. Comparative Advantage of Location 

More noteworthy in industry trends than the increase in 
plant size is their location. In order to take advantage of 
the possibility of natural ventilation provided by the warmer 
climates of the Southwest, some companies are building their 
new plants in this region. If natural ventilation is authorized 
as an abatement technique for reducing vinyl chloride concentra¬ 
tions under the new standard,^ then the firms which have recently 
expanded in the Southwest as compared to the closed and smaller 
plants of the Northeast will enjoy a comparative advantage at 
least as to the alternative of open-air ventilation. 

Once again we must emphasize that whether one firm or an¬ 
other gains a comparative advantage is of no relevance to the 
decision-making process of the Secretary. As was stated in the 
Industrial Union Dep't case: 

...It would appear to be consistent with the pur¬ 
poses of the Act to envisage the economic demise 
of an employer who has lagged behind the rest of 
the industry in protecting the health and safety 
of employees and is consequently financially un¬ 
able to coir.pl.', with now standards as quickly as 
other emp loy e rs .'! 5 

In addition, the importance of the geographic variable 
should be minimized in light of industry testimony to the effect 





-25- 


that it would be a mistake to place particular emphasis on this 
factor alone because there are so many factors to be con- 

7 

sidered in plant construction. Certainly whatever the advan¬ 
tages of open-air dispersal as a solution to the problem of 
vinyl chloride concentrations in the immediate workplace en¬ 
vironment these advantages may be minimized by the costs of 
compliance with any new ambient air or emission level standards 
for vinyl chloride promulgated by the Environmental Protection 
Agency under the Clean Air Act 7'moreover the expanded use of 
open-air ventilation thereby increasing the levels of vinyl 
chloride in the surrounding community may result in greater 

economic cos f s to the society by virtue of increased cancer in- 

T P 

cidence among the community residents. 


3. Irrelevance of Profit Margins in Standard-Setting. 

From an economic standpoint compliance costs will not cut 
into industry profit margins in the long run because of long 
run price adjustments and factor shifts. Of course, in the 
short run some costs will be absorbed, but it would be improper 
to rely on short run dislocations as an indication of the long 
run market conditions. It is also important to note that in¬ 
dustry's insistence on the inelasticity of demand supports the 
conclusion that costs will be passed on and not absorbed. More¬ 


over, the uniqueness of the polyvinyl chloride resin and its 


products which will permit the industry to pass the compliance 
costs downstream rather than absorbing the reduced profits in 
the shortrun and eventual industry shutdown in the long run. 


From a legal standpoint, the adverse effect on industry 
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profits from compliance with occupational safety and health 
standards is irrelevant. 79 The Industrial Union Duo't case 
states clearly that "standards may be economically feasible 
even though, from the standpoint of employers, they are finan¬ 
cially burdensome and affect profit margins adversely".^ 0 The 
market determines profit margins — there is no definable level 
for what constitutes a fair profit that is legally relevant to 
these proceedings. The concept of profit margins is an econ¬ 
omic one and it is inapporpriate to consider the question in a 
standard-setting process. 

Health Standards Must Override Corporate Investment 

Decisions. 

In any case, profit margin does not determine tue survival 
of the entire vinyl chloride industry, but only the amount of in¬ 
vestment made in a single firm. A firm derives capital for in¬ 
vestment from three sources: (1) its own resources, frequently 
by reinvesting its own profits; (2) the parent company, if there 
is one; and (3) outside sources, which will be determined by 
publicly reported earnings. The most notable feature of the 
vinyl chloride industry is that almost all of the manufacturers 
are divisions of a larger parent company. For example. Hooker 

Chemical Corp. is a division of Occidental Petroleum with total 

8l 

assets in excess of $2.8 billion and profits for the first six 

months of 19^1 up 03 . The Dow Chemical Company USA with to- 
. , 82 

tal assets in excess of $ 3.8 billion has had a sales increase of 

6lf, in the first six months of 197 H with profits up 90% 

foi that period. Its profits are up 12^1;! for the second quarter 
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in 197^ over the came quarter in 1973- Dow Chemical Company U.S.A. 

is part of Dow Chemical Company, a multinational corporation. In 

the case of American Chemical Company, the corporation is jointly 

owned by ARCO a division of Atlantic-Richfield and Stauffer Chemi- 
83 

cals. The combined assets of these corporations exceeds $h.6 
billion in 1973 and Atlantic-Richfield boasts an increase of 
profits for the first six months of 197^ at 197£. Similar owner¬ 
ship status exist for Firestone Chemical Div^-^ri of Firestone 
Tire & Rubber Company and the B.F. Goodri' leal Company of 

B.F. Goodrich Tire and Rubber Company. Thv economic signifi¬ 
cance of these corporate arrangements is that the investment 
can be drawn from the earnings of other divisions of the same 
corporation without having to rely on outside capital if outside 
investors hesitate to finance the initial modifications. As 
evidence of the reinvestment policy to draw on full corporate 
resources the chemical industry is presently boosting capital 
expenditures markedly, signifying full confidence in its own 
earning potential. ^ Because the present investment comes prin¬ 
cipally from within the firm, or at least from within the parent 
company, she temporarily reduced margin of profit--if there is 
a reduction at all—will be absorbed by the industry itself, not 
by the investment market. Typically, of course, the firms will 
re-invest their- own capital. 

The companies’ position reduces to the argument that despite 
their vast financial resources, they will reduce their capital 
if the government effectively regulates the industry. This is 
just another example of blackmail, and seeks to place the en- 
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tire authority for determining health and safety requirements 
under the voluntary control of the firm itself--a result which 
is totally impermissible under OSHA. Congress completely re¬ 
moved this decision-making authority from industry and delegated 

Pc 

it to the Secretary of Labor. J The regulation of vinyl chloride 
is not a matter subject to the arbitrary judgment of the private 
sector. Rather, the control of this serious hazard is a matter 
to be exclusively exercised by the government acting in the public 
interest. 

From the industry record of a high level of reinvestment 
in vinyl chloride operations, their claims of economic feasibil¬ 
ity sound like a simple effort to avoid compliance costs. The 
case of the marginal firm in the industry—if there are any--pre- 
serus a somewhat different situation because it will have rela¬ 
tively less access to outside investment money and little in¬ 
ternal financing. However, from a maximum efficienty per¬ 
spective the protection of the marginal firm is point¬ 
less since the Labor Department will be perpetuating 
an operation which is a serious health hazard as well as inef¬ 
ficient and non-competitive. Ultimately, the investment choice 
should be a market test of viability with the regulations serving 
simply to internalize occupational health costs. 

If reduced investment does occur* as industry threatens, it 
will probably occur in those firms which return the least amount 
of profit per dollar invested--the smaller and older production 
plants. Should any of these plants shutdown as industry has al¬ 
leged v/ill occur, then the selectivity of that shutdown will be 

f 

o 

i 





based on already manifested occupational health hazard. 


Thus 


where difficulty is encountered in controlling the hazard, econ¬ 
omic efficiency will require those firms to shutdown. In essence 
the regulation serves as an economic quarantine order issued to 
control an unabated health hazard. 


B. The Arthur D. Little Di 


version 


The Arthur D. Little study presented to the Department of 
Labor by the Society of the Plastics Industry failed completely 
to provide any meaningful data with respect to economic infeasib¬ 
ility. Arthur D. Little was content to accept without any sub¬ 
stantiation industry claims of industry and firm shutdown. 

The highly publicized Arthur D. Little "economic impact" 
analysis ignored entirely the major economic issue—the actual 
evfeet of the regulations on the industry. It concentrated with 
unequalled myopia on the supposed economic impact on the total 
economy ii the VCM/PVC industry shut down—a conclusion it ac¬ 
cepted unquestioningly. Not only does the study fail to eluci¬ 
date the problem, it confuses the issue by diverting attention 
to downstream effects even then failing to support its conclu¬ 
sions by economic analysis. The Society of the Plastics Industry' 
representations, on which Arthur D. Little based its study, were 
nothing more than a compilation of individual firm's reports, 
since no independent survey was conducted and no outside exper¬ 
tise was utilized in making their assessments. The SPI proposal 
for 1 a vinyl chloride level is merely a consensus standard and 
therefore necessarily a compromise position among the member firms 
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c. The Social Cost of the Failure to Regulate 

In order to make a competent judgment on the affects of occu¬ 
pational health standards in the vinyl chloride industry, it is 
necessary not only to measure the costs of compliance, but also, 
the cost-savings which accrue to the employer, the worker, and the 
Nation as a result of the worker's improved health. In terms of 
methodology, any mode of analysis which ignores these cost savings 
is grossly inadequate and must be rejected as a decision-making 
tool. In terms of statutory purpose. Congress explicitly -em¬ 
phasized the overriding importance of worker health by passing 
the Occupational Safety and Health Act of 1970. A failure to iden¬ 
tify the values associated with worker health,although difficult 
to quantify,is inconsistent with the statutory purpose of the 


1. Quantification 

The total impact of federal regulations would be more 
ea«sil ,r determined if the value of worker health could be quanti¬ 
fied. However, the dollar is a dangerously imperfect unit to 
use when measuring the quality of human health and human values. 
The fact that health and life values cannot be precisely quanti¬ 
fied does not imoly that they may be ignored. To the contrary, 
every effort must be made to account lor these costs, though ob¬ 
viously the value assigned—monetary or otherwise—will oe con¬ 
servative in light of the intrinsic importance of health and 

O £ 

being to the individual. 00 


d 
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Of course, values can be assigned as first approximations 

O n 

simply to enter the value into the calculus of the problem. 

For instance, it has been suggested in the environmental field 
that a value be assigned to a river in its fresh and free-flowing 
state, thereby permitting a comparison of that value with compet¬ 
ing industrial or recreational uses.^ These are positive values, 
that is, they value damage in terms of the damage, not merely in 
terms of restoration or abatement expenditure. 

Economic impact must stress the cost to the worker, not 
the spurious industry claims. The consequence of a failure to regu¬ 
late vinyl chloride is clear--worker death among the exposed work¬ 
ing population. When dealing with the risk of death involving 
large working populations, the issue is not probability of death 
for the individual worker, but rather the inevitability of death 
and disease for a percentage of the population. The question of 
preservation of life should hardly be a matter of choice requir¬ 
ing long deliberation, as Congress determined in enacting the Oc¬ 
cupational Safety and Health Act. And certainly it is unaccept¬ 
able to allow the decision-making to remain in the self-interested 
control of industrial management, or even to be susceptible to 
their influence. 89 The decision to introduce a carcinogen such 
as vinyl chloride into the production process has been paid for 
by the sacrifice of human lives and by the death of individuals 
who, as a rule, had no part in such a d' cioion. 

Eliminating the vinyl chloride hazard will lengthen the 
worker's life, a value which can be measured in terms of man years 
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or life years, 


For example, a worker who had a life expect¬ 


ancy of 72 years and dies at the age of 48 has suffered a loss 
of 24 life years. Although such raw data hardly conveys the 
physical, emotional and economic catastrophe associated with 
cancer, it does permit some computation of life values in the 
society, and does recognize the positive value of living to the 
individual, rather than merely the cost aspects in relation to 
his or her employer and family. In terms of cost to the indus¬ 
try of a deceased worker, the loss is measured by the value of 
experience which that worker would have contributed in the work¬ 
place, the administrative costs of reporting the disease and em¬ 
ploying a new person, and the training costs for a replacement 
for the victin 

The loss of life due to angiosarcoma cannot be fully quan¬ 
tified in terms of production loss in the workplace or income- 
loss to the family. There is an intrinsic value to human exis¬ 
tence which monetary sums cannot quantify and which can be mea¬ 


sured in terms of life years. 


The twenty-four vinyl chloride 


victims represent a loss of productive capability equal to uhe 
number of years they would have continued to work had they not 
died. 92 Since their average age at death was forty-eight, the 
total production loss, assuming retirement at lge sixty-five, 
is 408 work-years. Assuming a normal life expectancy of seventy 
yeai's, the tocal loss of their deaths is 528 life—yearo. Thio 
total loss figure will be continually increasing over the life 
span of the presently exposed worker population. Only by en- 
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forcing a non-detectable standard and thereby eliminating the 
angiosarcoma hazard can this loss of life be stopped. 

2. Health Costs Saved 

The primary impact of the vinyl chloride regulations will 
be the abatement of the i alth hazard posed by exposure to a 
carcinogen. The '^alth savings are enormous in terms of (1) 
hojppitalization and (2) alleviating the burden of disease and 
death costs on the worker's family as well as the employer. 


A study by Cancer Care, Inc., and the National Cancer 
Foundation computed median medical expenses for cancer to to¬ 
tal $19,05^ per patient, whereas the median income of the work¬ 
ers suffering such a burden was only $8,000.9 3 it is dear 
that the total irnpact--:iot only economic, but also psychological 

and social—or. the individual who incurs a terminal cancer ill- 

9 4 

ness, as well as on his family, is crushing. There has never 

been a justification advanced for externalizing the costs of 

vinyl chloride—induced angiosarcoma to the worker and his family 

rather than internalizing the cost to the industry which has 

placed the worker at risk. In considering the employer's respon 

sibility for the hazards created at the worksite, the Court in 

Industrial Union Don't, AFL-CIO v. Hodgson stated: 

There can be no question that OSHA represents a 
decision to require safeguards for the health of 
employees oven if such measures substantially in¬ 
crease production costs. 

...It would appear to be consistent with the pur¬ 
poses of the Act to envisage the economic demise 
of an employer who has lagged behind the rest of 
the industry in protecting the health and safety 
of employees and is consequently financially un- 


e 






-34- 


able to comply with new standards as quickly as 

other employers.95 

3. Impact on the Family 

To the extent that workmen’s compensation does not reim¬ 
burse the family for the full amount of the lost earning power 
of the worker, these earnings will be lost completely. By en¬ 
forcing a non-detectable standard, the worklife expectancy will 
be lengthened. This factor is especially noteworthy in light of 
the fact that the average age of the angiosarcoma -victims has 
been 48 years, which is the period during which the worker enjoys 
near-maximum income production. 96 The problem of lost wages is 
intensified by the prolonged period preceding death during which 
the family suffers reduced income due to the number of hours its 
members must spend caring for their ill parent and spouse. 

In the long run, of course, the family members will seek 
their own employment to replace the deceased's income flow. How¬ 
ever, where the deceased worker was male, the widow will be handi¬ 
capped in her search for a job with a salary commensurate with her 
.lusband's because of her frequent lack of employment experience, 
will also be victimized by discrimination in hiring and salary lev 

4. Insurance Costs Reduced 

To the extent that the hospital and medical costs are 
covered by workmen's compensation payments or private insurance, 
claims against these policies will also be eliminated. In the 
case of Earl Parks, an angiosarcoma victim at the Goodrich-Louis- 
vilie operation, the workmen's compensation benefits totalled al¬ 
most $6,000, which is certainly a conservative indicator ox t 
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cost magnitudes which the companies will have to bear in this 
area.The widow of Rayfield Sims, another angiosarcoma vjc- 
tim, has received $13,1^8 in benefits. 95 in fact, the Social 
Security Administration reports that employers paid well over 
four billion dollars in workmen's compensation benefits during 
1973, and other estimates ranger higher. 100 

Simultaneously with the reduction in litigated claims there 
will be a reduction in the associated workmen's compensation 
premiums as the result of a vinyl chloride standard which actually 
protects workers' health. Parenthetically, it is clear that these 
insurance premiums will increase substantially in 197^ and 1975 
as the insurers act on the carcinogenic risk created by employers.- u - 
Only by the enforcement of a non-detectable standard can this in¬ 
crease be minimised and eventually eliminated. Among other re¬ 
duced costs will be the death benefits frequently included under 
workmen's compensation and potential tort liability (negligence 

c? 

and wrongful death) which would expose the employer to increased 
general damages including recovery for pain and suffering. The 
reduction and elimination of these awards has prospects for re¬ 
duced insurance premiums. As an indication of the added cost of 
simply processing these payments, the national Safety Council re¬ 
ports that employers spent $1.9 billion on administrative costs 
of insurance alone. 102 Moreover, the National Safety Council 
estimates that industry spends $6.A billion "in lost wages for 
worker's who weren't injured but who stopped to help, conducted 
investigations, or wrote accident reports". 10 3 
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5 . Productivity Savings 

The regulations will promote a general efficiency within 
the industry: the improved health of the workers will result in 
a labor productivity increase, and the technological advances 
spurred by the need for engineering controls will lead to an in- 
creasein productivity per unit of input. 

From a perspective of transitional dislocation, there also 
will be a benefit to society. If, as industry claims, there will 
be a substantial increase in the number of employees needed to 
monitor the emission levels, operate t’rje new engineering con¬ 
trols, and perform the record-keeping operations, then employment 
will rise significantly. Firestone has claimed that it will need 
to double its work force in order to comply with the no -detectable 
exposure standard. 10 * 1 There will also be a substantial increase 
in production in these sections providing engineering services, 
equipment, protective clothing and breathing apparatuses. 

The effect of vinyl chloride standards will be to improve 
the health of the working population employed in vinyl chloride 
manufacturing ana processing. As a result, the consumption of 
medical services by the victims, for example physician a d hos¬ 
pital care, will be significantly reduced. In the long run the 
resources which would have been used in this medical or care¬ 
taking role, i.e. , the treatment and cure of acroosteolysis, 
angiosarcoma and other vinyl chloride induced diseases, will 
shift into another sector of the economy. Rather than utilising 
scarce resources to correct the damage which industrial production 
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has caused, these resources are freed for a more positive economic 
role. Undoubtedly some of these resources will be directed to¬ 
ward preventing worker exposure. The saving from these reduced 
medical and custodial costs is a direct and important consequence 
of a standard prescribing no detectable exposure. 



The Health Research Group renews its fundamental objection 
to the consideration of economics in any determination of feasi¬ 
bility. However, assuming for the sake of argument the legality 
of economic considerations under the Occupational Safety and 
Health Act, the industry has failed to sustain its basic burden 
of proof with respect to economic infeasibility. 

The contents of the economic impact study prepared by Foster 
D. Snell, Inc. emphasize the failure of the industry to produce 
detailed and relevant economic data to support any of its claims. 
Moreover, the Snell study negates rather than confirms the in¬ 
dustry's claims of economic infeasibility with respect to poly¬ 
merization plants. Unfortunately the study was not scrutinizing 
enough when it s'mply accepted without any explanation industry 
claims of technological infeasibility with respect to synthesis 
plants. Furthermore, certain techniques resulted in the overesti¬ 
mation of compliance costs, the underestimation of industry's 
capability, to comply, and the total neglect of certain basic 
elements in the economic formula such as health costs and the 
savings of preventive medicine. 

Congress emphasized its choice of occupational health over 
corporate profits when it prefaced the Occupational Safety and 
Health Act with the following finding, "The Congress finds that 
personal injuries and illnesses arising out of work situations 
impose a substantial burden upon and hindrence to, interstate 
commerce in terms of lost production, wage loos, medical expenses, 
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105 

and disability compensation payments". The report of the 


House of Representatives' Committee on Education and Labor con¬ 
cluded, "...Even the price of one life is too expensive when a 


meaningful occupational safety and health law could save many 
106 


lives" . 

In summary, these proceedings have revealed only the bank¬ 
ruptcy of industry's factual case, not its corporate treasuries 


Though human life is perhaps without any precise economic value 


it is r.ot valueless. Certainly the term "feasibility" was not 
included in the Occupational Safety and Health Act to justify 
the pricing of vague generalities, self-serving assumptions ana 
unsubstantiated analyses above the value of human life. 
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I. INTRODUCTION 


for vinyl chloride, the st'udy scopoond^ ° f the pro P° sed OSHA standards 

fjpNDUSTliv^^^ HBSUl/riNG FROM tm» C OST 

Nanona] Institute for Occupational Safety anluil^ (OSlIA) was informed by the 

relit ? ! ° f SGVOral ° f its employees from a rare liver cfnC-r f Go °drich Chemical Company reported 

related. As a result of this information, subsequent eo idem ini ( ^ ,,B 1 1,ls:,rt:on ‘ a) nla y Pave been occupationally 
Emergency Temporary Standard (ETS) was promoted bv^sS * !“* ^ 3 faCt ' findin 6 hearing, an 

lattons on worker exposure to VCM (50 PP m ceiling exposure iLit)" ? ’ 1974 ' det;dl -6 preliminary regu- 

approved. Therefore ! on May ^ ^ ^ 3 punnanent standard must be formulated and 

detectable limit". Y ° SHA PUbhbhed a Prosed permanent standard which included "no 

To aid OSHA in carrying out Us standard setting mandate s„,m 
r ith “ssessing the economic impacts of alternate standards for wort l ° prcpare thi * report dealing 

tactunng industries. The alternate standards invesUgated are 6XP ° SUre t0 V ° M * ^ VCM and PVC manu ' 

50 ppm ceiling 
25 ppm ceiling 

• * ^rTWA^sTwith a W ceH^g d aVGra8e ( ™ A) WUh 3 40 Ppm Ceilin g 
"no-detectable" proposed permanent standard 

The study is limited to U.S. production of VCM and PVC. 

. on the following page, is a summary of the scope of the Snell study. 



EXHIBIT 1-1 

U. S. Department of l abor'Occupational Safety 
and Health Administration 
TiIE SCOPE OF THE SNELL STUD)' 


Primary Emphasis 


Secondary Requirements 


Deliverables 


Assess the economic impact of VCM 
regulation on VCM and PVC manufacturing only 

Concentrate on PVC manufacture (approximately 
SO '.Lof level of effort) 

Investigate the following alternate standards 

• 50 ppm ceiling 

- 25 ppm cciliaq 

- 25 ppm 1 jth 4J ppm ceiling 

- lover TWA s) wit!: ceiling 

- no detectable ' le .el 

Emphasize key regulator, considerations 

- engineering and work practices primarily 

- use of personal protective equipment 

- environmental and personal monitoring 

- assembling of exposure data 

- residual monomer levels in PVC 

- estimates of the costs ot 
achieving the various levels 
of VCM controls evaluated 

- assessment of economic impact 
on tl e basis of technical 
feasibility, timing and costs 

Other regulatory considerations include, for example, emergency situations and signs and labels, but were not included in the scope of Snell's work. 

All the regulatory considerations assigned for study are listed in the Exhibit. The work scope did not include study of PVC substitutes or evaluation 
of economic impacts outside the VCM and PVC sectors. 


Include a study of VCM manufacture 
(approximately 20‘/aof level of effort) 


23 August 1974 


Include secondary regulator/ considerations^ 

- medical surveillance costs 
* record keeping costs 

- covered workers 

- regulated areas 


Present draft final report in 
11 weeks (13 September 1974) 


Key deliverables arc 

- estimates of the time table 
required in eacli of these 
evaluations for effective 
implementation 

in the near-term, 6 months 
to one year 

.. in the longer-term, 2 years 
or more 


TWA = Time weighted average 
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THE REPORT IS ORGANIZED INTO TWO PARTS 



The report conclusions and recommendations are presented first supported by detailed appendices. 


(1) The hirst Part Of The Report Represents The Findings Of Economic 
Impact Together With Recommendations 

Part One includes the following outputs: 

. C hap te r I - Intr o duction. This chapter summarizes the problem, the 
scope of the study and the organization of the study. 

• Chapter II - Methodology. This chapter presents the Snell study methodology. 

• Chpater III - Industry Structure. This chapter presents data on: 

members of the VCM and PVC producing industries; 
location of plants; 

~ marketing and base-line economic data. 

. Chapter IV - Tin: Technology of the Industry . This chapter describes the 
processes of VCM and PVC and includes: 

/ 

process description and flow diagrams for each major process; 
representative operating procedures. 


Chapter V - ]•'hidings and Economic Analysis . This chapter details the major 
findings and economic analysis emphasizing technical feasibility, timing, 
and costs based on aggregating individual company data to the industry levels as a 
function of various VCM levels. 
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Chanter VI - Conclusions and Recommendations 


(2) The Second Part Of The Report Presents Detailed Study Documentation (Appendices) 

This part of the report is comprised of eight appendices and supports the material 
in Part One. 

Appendix A - Detailed Process Description and Procedures 

v 

. • Appendix B - Exposure Data For Polyvinyl Chloride (PVC) and 

* Vinyl Chloride (VCM) Plants 

Appendix C - Economic Details 

. Appendix D - Personal Protective Equipment and Hygiene 
Appendix E - Monitoring Equipment 
Appendix F - Medical Surveillance of Employees 
Appendix G - Safety Awareness Programs 

Appendix H - NIOSH Recommended Occupational Health Standard for the M= nufacture of 
Synthetic Polymer from Vinyl Chloride. 

* * + * * 

This chapter presented the scope of the study and organization of this report. The following 
chapter details the methodology used by Snell to carry out the study. 
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METHODOLOGY 



II. METHODOLOGY 


The Final Report supersedes the Preliminary Report. The timing of tne project was such that on 
August 23, 197-3, seven weeks from the start of the study, the Preliminary Report was submitted to USDOL/ 
OSHA for inclusion into the Hearing Record for comments. The Preliminary Report featured: 

fact-finding, such as field visits and telephone interviews 
including recontacting of parties for data clarification; 

. preliminary analysis of regulatory scenarios. 

The Final Report represents refinement of the Preliminary Report as well as inclusion of limited additional 
information. The draft of the Final Report was timed for September 13, 1974 by the end of the eleventh week 
of the study. . 

t 

The methodology used by Snell in fulfilling the work requirement was to perform the study in several 
major tasks described below. All exhibits are presented at the conclusion of the text of this chapter. 

1. PLANT AND INDUSTRY VISITS WERE A PRINCIPAL MEANS OF INFORMATION GATHERING 


During the course of the investigation, Snell team members made 29 industry 
visits. The vinyl chloride and polyvinyl chloride industries consist of 30 
producers and 53 plants. These visits involved either day long technical 
discussions in their engineering and production offices or detailed plant tours. 

Exhibit II-1 presents the plants, location and purposes of these trips. These 
trips were comprised of: 


II-l 



24 plant visits 


J 


1G polyvinyl chloride plants representing 4 1 nf 
the polyvinyl chloride plants 

8 vinyl chloride plants representing 53 o of the 
vinyl chloride plants 
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8 visits to corporate engineering offices 


INDUSTRY RELATED ORGA NIZATIONS 
AND SPECIALISTS WERE VISITED TO 


^G OVERNMENTAL AGENCIES, EQUIPMENT MANUFACTURERS 
SUPPLEMENT INFORMATION OBTAINED FROM PLANT VISITS 


In order to gain a broader view of the technical feasibility and necessary costs, 
personal visits were made to recognized experts in the areas covered by the study. 


Exhibit II 1 details tha organizations, governmental agencies, and equipment 
manulacturers visited and the types of information obtained. These visits included: 


4 visits to government agencies 

3 visits to industry organizations 

4 visits to equipment manufacturers or technical specialists 


3. 


A TELEPHONE SURVE Y 
RESPIRATORY DEVICES 


WAS CONDUCTED QE MANUFACTU RERS OK MONITORING EQUIPMENT 

1- ^KKSONAL protective equipment and process equipment 


The purpose of this task was to obtain detailed information covering costs, 
availability, and technology. Information was obtained both directly through 
the telephone survey and the brochures and catalogues sent to Snell as a 
result of the conversations. 
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Exhibit II-3 details the manufacturers interviewed during the telephone survey. 
Calls were made to: 


13 monitoring equipment manufacturers 
7 manufacturers of respiratory equipment 

6 producers of protective clothing 

7 processing equipment manufacturers 

THE SMELL INFORMATION CENTER STAFF CONDUCTED A LITERATURE SURVEY TO IDENTIFY 
AND OBTAIN BACKGROUND INFORMATION ON AREAS RELEVANT TO THIS STUDY 

. To obtain an overview of manufacturing processes, pollution problems, marketing, 
end-use products, and possible protective devices, etc., a survey of the following 
journals was performed: 

. Hydrocarbon Processing - 15 years 
Modern Plastics - 5 years 
Chemical Marketing Reporter - 3 years 
Chemical and Engineering News - 3 years 
Chemical Engineering - 5 years 
European Chemical News - 3 years 

Standard chemical reference texts such as the Encyclopedia of Polymer Science and 
Technology and the Kirk-Othmer Encyclopedia of Chemical Technology were also 
researched to obtain more general information. 

Chemical Marketing Abstracts and Chemical Economics Handbook were used for 
basic industrial facts. 
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5. the study methodology emphasized the parameters defined in EXHIBIT 1-1, 

IN THE INTRODUCTION CHAPTER 

The methodology described in the above points was employed to determine and define the scope 
of the following parameters: 

Profiling of industry structure and processes 

. Definition of the number of workers potentially exposed to VCM considering 

job'description 
unit operation 

potential exposure to VCM levels 

. Determination of costs and means of controlling exposure levels through 

engineering controls and improved work practices with particular attention to: 

"buttoning-up" of plants 

ventilation 

operation 

maintenance 

process improvements, such as reducing free 
monomer levels in the polymer 

. Investigation of further methods and costs of protection through the use of 
personal protective equipment beyond controlling exposure through engin¬ 
eering and work practices 
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Development of a technical and economic information base for personal and 
area monitoring and leak determination equipment 

Isolation of information regarding: 

medical surveillance costs 
record keeping costs 
covered workers 
regulated areas 

Detailed methodology is presented as footnotes to exhibits, textual reference 
or material in the appendices 


AS DIRHCTDD BY OSHA THE STUDY DEALT PRIMARILY WITH PVC PRODU CTION 

Approximately 80?o of the level of effort was devoted to PVC production. Discussion emphasis 
subsequent chapters reflects this. 




?. WORK AFTER THE PHI-I.IMINARY REPORT FOCUSED ON TIIH FURTHER ANALYSIS 

OF VCM LEVELS. AND THE RESULTANT COSTS. GENERAL DATA REFINEMENT AND 
FURTHER EVALUATION OF TECHNOLOGY 


The principal work elements in the finalization of the Preliminary Report included: 

Study of comments from OSHA, public review and Snell's internal 
review of the Preliminary Report resulting in clarifications and 
refinement of the data 

Aggregation of individual plant exposure data from each company 
as well as from OSHA to develop industry profiles of average 
VCM levels 

Development of order-of-magnitude estimates of the potential 
economic impacts of meeting the PVC industry exposure limits 
of a 10-15 ppm VCM ceiling with a 5-10 ppm TWA 

Preparation of a case study in the PVC industry as an illustration 
of cost analysis approach 

Internal review of the cost analysis resulting in data refinement 


Incorporation of limited new information on technology such as 
stripping 







The elements of each coded plant designation are as follows: 


Random number only for VCM plants 

Random leading number - PVC Plant Capacity 
for PVC plant y 

- S = Small, less than 
100 million lbs. 


- M = Medium, 100 to 
200 million lbs. 


PVC Plant Age 

New - to 10 yrs. 

Int. = 11 to 20 
yrs. 

Old = Over 20 yrs. 


PVC Plant Siting 
C = Cold climate 
W = Warm climate 


- L - Large, over 200 million lbs. 

For example, the code for one of the PVC plants is as follows: 

52 _ q 

b Old c 

Exhibits featuring the code refer back to this page for meaning of the elements of the code 


Ihls chapter detailed study methodology. The chapter that follows 


and conclusions. 


presents the preliminary findings 






Firm or Oivanizanon Visited 

Air Products, Inc. 

Valley Forge, Pennsylvania 

Allied Chemicals, Inc. 

Corporate H. 0. 

Morristown. New Jersey 

American Chemical Co. 

Long Peach, California 

Conoco 

. Corporate iI. Q. Saddlebrook, New Jersey 
. Oklahoma City, Oklahoma 

Diamond Shamrock 
. Corporate H. Q. Cleveland, Ohio 
. Delaware City. Delaware 
. Deer Park. Texas 

Dow Chemicals. USA 
. Plaqttcminc, Louisiana 
. Oyster Creek Division, Fmeport, Texas 
. Texas Division, Freeport, Texts 
Ethyl Corporation 
Baton Rouge, Louisiana 

4 

Firestone Tire & Rubber Co. 

Akron, Oltio 

General Tire &. Rubber Co. 

Ashtabula, Ohio 


EXHIBIT II-XI) 
USD0L/0S1IA 

VINYL CHLORIDE/POLYVINYL CHLORIDE 
PRODUCERS VISITED AND INTERVIEWED 
BY PHONE BY SNELL STAFF FOR DATA 
COLLECTION 


Purpose of Visit 

Technical and engineering data collection on PVC 


Technical and engineering data collection on VCM 


Plant visit on VCM and PVC 


Technical and engineering data collection 
Plant visit on PVC 

Technical and engineering data collection on PVC 

Plant visit 
Plan' visit 


Planr visit on VCM 
riant visit on VCM 
Plant visit on VCM 

Plant visit on VCM 

Phone interview on PVC 


Plant visit on PVC 
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Firm or Organization Visited 

B. F. Goodrich Co. 

. Corporate H.Q. Cleveland, Ohio 
. Calvert City, Kentucky . 

. Long Beach, California 
. Louisville, Kentucky 
. Pcdricktown, New Jersey 

Goodyear Tire & Rubber Co. 

Niagara Falls, New York 

Great American Chemical Co. 
Fitchburg, Massachusetts 

Hooker Chemical Corp. 

Florer.cc, New Jersey 

Monsanto 

Springfield, Massachusetts 

National Starch S. Chemical Co, 
Corporate 11.C. Plainfield, New Jersey 

Olir.-Thompson Plastics 
Assonet, Massachusetts''- 

Pantasotc 

Passaic, New Jersey 

Robintcch, Inc. 

Painesville, Ohio 

Shell Oil Co. 

, Corporate H. Q. Houston, Texas 
. Deer Park, Texas 

. Stauffer Chemicals 
Delaware City, Del. 

Tenncco 

Burlington, New Jersey 




EXHIBIT 11-1(2) 
USDOL/OSHA 


Purpose of Visit 


Technical and engineering data collection 

Plant visit on VCM 

Plant visit on PVC 

Plant visit on PVC 

Plant visit on PVC 

Plant visit on PVC 

Plant visit on PVC 

Plant visit on PVC 

Phone interview on PVC 


Technical and engineering data collection on PVC 


Plant visit on PVC 

Plant visit on PVC 


Plant visit on PVC 


Technical and engineering data collection on VCM 
Plant visit on VCM 

Plant visit on PVC 


Plant visit on PVC 





Firm or Orranization Visited 

Union Carbide. Inc. 

So. Charleston, West Virginia 

Uni royal Chemical Co. 

Akron. Ohio 


EXHIBIT 11-1(3) 
USDOL/OSHA 


Purpose of Visit 

Technical and engineering data collection on PVC 


Plant visit on PVC 








Covernmer.t Aeencies 


U. S. Department of Labor 
Washington. D. C. 

National Institute for Occupational Safety and Health 
Cincinnati, Ohio 

Environmental Protection Agency, 

Washington, D. C. and Research Triangle Park, N.C, 

U. S. Department of Commerce 
Washington, D. C. 

Industry’ Organizations 


Manufacturing Chemists Association 
New York, New York 

Organizational Resources Council, Inc. 

Wasliington, D.C. 

Society of the Plastics Industry 
New York. New York 

Equipment Manufacturers. Medical Laboratories, Industrial Consultants. Etc, 

The Pfaudler Co, - Div. Sybron Corp. 

Rochester. New York 

Diagnostic Sciences, Ir.c. - Ivan K. Smith 
Morris Plains, New Jersey 

Tee-Air, Inc. - David Metal 
East Northport, New York 

Human Motivation Resources - Joel D. Schaffer 
Morris Plains, New Jersey 
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* EXHIBIT 11-2 

USDOL/OSHA 

GOVERNMENT AGENCIES, INDUSTRY ORGANIZATIONS. 
AND EQUIPMENT MANUFACTURERS VISITED BY SNELL 
STAFF FOR DATA COLLECTION 

General data collection and attend hearings 

Discussion on medical, monitoring, and protective equipment 
General data collection 

Industry marketing data collection 

Discussions on technical feasibility and marketing data 

General discussion 

Discussions on technical feasibility 

Discussions on polymerizers and other technical questions 
(sole U, S. suppliers of glass lined equipment) 

Medical surveillance data collection 
Protective equipment data collection 


Safety program data collection 







o 


I. Monitoring Equipment Manufacturers 
AID 

West Chester, Pennsylvania 

• Bacharach Instrument Co, 

Pittsburgh, Pennsylvania 

Bechmann Instrument 
Fullerton, California 

De::<Jix Corporation 
Environmental Science Division 
Baltimore, Maryland 

Byron Instruments, Inc. 

Raleigh. N. C. 

Carle Instruments 
Fullerton, California 
Century Systems Corp. 

Arkansas City, Kansas 

II. Respiratory Equipment Manufacturers 

Batisch & Lomb 
Rochester, New York 

Mine Safety Appliances 
Pittsburgh, Pennsylvania 

Minnesota Mining & Manufacturing, Inc. 
Minneapolis, Minnesota 

■ Scott Aviatian 
South Haven, Michigan 


I 
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EXHIBIT 11-3(1) 

USDOL/OSHA 

FIRMS CONTACTED DURING THE SNELb TELEPHONE 
SURVEY OF EQUIPMENT MANUFACTURERS 


Hewlett-Packard Co. 

Avondale, Pennsylvania 

Microchcmical Specialties Co. 
Berkeley, California 

Perkin- Elmer 
Norwalk, Connecticut 

Anatolc J. Sipin Co. 

3SC Park Avenue. S. 

New York, New York 

Varian Association 
Palo Alto. California 

Wilks Scientific 
Norwalk. Connecticut 


Survive-Air 

Santa Ana, California 

Welsh Scientific, Inc. 
Providence, Rhode Island 



Willson Products 
Pennsylvania 
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III. Protective Clothing Manufacturers 

Arrow Disposables, Inc. 

Cincinnati, Ohio 

E. I, Dupont de Nemours 
Wilmington, Delaware 

Durafab 

Cleburne, Texas 

IV, Proccssir.it Equipment Manufacturers 

Dresser Industries 
(Compressors and Vacuum Pumps) 
Conr.orsvillc, Indiana 

Dutton Company, Inc. 

(Valves and Pumps) 

New York, New York 

Fluid Handling System 
(Viking Pumps) 

Secaucus, New Jersey 


GAF 

(Cleaning Systems) 
New York, New York 


Source: Snell 


EXHIBIT II-3 (2) 


USDOL/OSHA 


Ed mont- Wilson 
Coshocton, Oliio 


Mars, Inc. 

Ashville, North Carolina 

Uniroyal, Inc. 

New York, New York 


Nash Engineering Co. 
(Compressors and Vacuum Pumps) 
Norwalk, Connecticut 

Process Pumps, Inc. 

(Pumps) 

Kenilworth, New Jersey 

Stauffer Inc. 

(Cleaning Systems) 

Westport, Connecticut 
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III. INDUSTRY STRUCTURE 

This chapter presents an overview of the structure of the U.S . vinyl chloride monomer (VCM) and poly¬ 
vinyl chloride (PVC) industries. Key elements of production, prices and markets are delineated to provide 
a background and comparative criteria to judge the economic impact of proposed regulations on VCM and 
PVC manufacturing. 

The chapter is divided into three sections: 

Section IILA." - Vinyl Chloride Monomer Production 
Section IIIB - Polyvinyl Chloride Production 
. Section IIIC - Key Polyvinyl Chloride Markets 
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IIIA. VINYL CHLORIDE MONOMER 

This section defines the structure of the vinyl chloride monomer (VCM) manufacturing industry. 

1. NINE COMPANIES OPERATE 14 VCM PLANTS 

Exhibit III-l, on the following page, presents a profile of the VCM producers in 
terms of plant locations, capacities and manufacturing process. Process related 
factors are'discussed in Chapter IV. 

Shell, Dow and Goodrich are tne leading 1974-1975 producers, accounting for 
approximately 58°o of nameplate capacity. 

Approximately 5,225 million pounds VCM are estimated to be available annually for 
conversion into PVC in 1974-1975, assuming no major economic impact 
from OSIIA regulations. 

With the exception of the Goodrich plant in Calvert City, Kentucky, the U .S. 

VCM plants are located in warm climate areas — Texas, Louisiana, Puerto 
Rico, and California. In general, the plants are open except for weather 
screening. 



VCM plants are generally located in or near petroleum rich areas to minimize 
the cost of feedstock (ethylene) transfer. 








Major Producer'Location 


1974-1975 . 

Nameplate 
Capacity (1,3) 
(Million Lbs.) 


EXHIBIT III-l 
USDOL/OSI1A 

PROFILE OF VINYL CHLORIDE PRODUCERS 


Process <2,3) 


Allied, Ccismar. La. 


300 

Oxychlori nation 

American Chemical, Watson, Calif. 


170 

Stauffer Oxychlorination 

Conoco. Lake Charles, La. 


625 

Stauffer Oxychlorination 

Dow, Freeport, Tex. 


r 180 

Dow Oxychlorination 

Dow, Oyster Creek, Tex. 

1,400 

(•700 

Dow Oxychlorination 

Dow, Plaqucminc, La. 


(*450 

Dow Direct Chlorination 

Ethyl, Baton Rouge. La, 

450 

(*270 

Direct Chlorination 

Ethyl, Houston, Tex. 


(*150 

Direct Chlorination 

Goodrich. Calvert City, Ky. 


1,000 

Goodrich Oxychlorination 

Monocl.em, Ccismar, La. 


350 

Acetylene 

PPG, Guayanilla, P. R. 

900 

(*500 

Oxychlorination 

PPG. Lake Charles, La. 


(’300 

Oxychlorination 

Shell, Deer P3rk, Tex. 

1,500 

r 800 

Stauffer Oxychlorination 

Shell, Norco, La. 


(•700 

Stauffer Oxychlorination 

Total 


6,695 


Correcting for 90^0 operating level 


670 


Subtotal 


6,025 


5f 0 lost in polymerization 


300 


Subtotal 


5. 725 


Estimated 1974 exports 


300 ...v 


Estimated 1974 imports 

Negligible 


Subtotal 


5. 425 


Other uses of VCM 


200 


Total available for PVC conversion 


5,225 



•Order of magnitude values 


Sources: (1) Company and industry totals based on Modern Plastics, May, 1974 and plant site estimates based on 

Chemical Marketing Reporter, 17 September, 1973, and industry interviews. 

(2) Industry interviews. - 

(3) Snell assessment 
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U.S. VCM PRODUCTION IIAS INCREASED APPROXIMATELY 370% TO 6,000 MILLION POUNDS IN 
1974 SINCE 1 964, WHILE THE MID-1974 PRICE IS 7 TO 10 CENTS PER POUND OR ALMOST DOUBLE 
THE 1972 PRICE 

Exhibit III-2, on the following page, presents production, sales and price 
data for the years 19C2 through 1978-1980 (estimated) . Sales and unit cost 
information are also presented. 

Since 19G4 production of VCM has increased from 1,615 million pounds to an 
estimated 6 ., 025 million pounds in 1974, for an increase of 373-6. 

. For the years 1962 to 1972, production of VCM increased from 1,311 million 
pounds to 5,089 million pounds or 388%, while merchant sales increased from 
516 million pounds to 3,343 million pounds or 647%. Merchant uses were 39% 
of production in 1962 and G6 9 a of production in 1972. This indicates a decreased 
forward integration in the industry with growth. 

. The doubling of price from 1972 to mid-1974 is attributed to the great escalation 
in feedstock costs due to the "energy crisis". 


THE VCM MANUFACTURING INDUSTRY HAS APPROXIMATELY 940 PRODUCTION WORKERS 


Based on a Snell survey of VCM producers, representing approximately 65% 
of 1974-1975 nameplate capacity (sec Exhibit III-l), estimates were developed 
of the number of production and related personnel in the industry. 
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USDOL/OSIIA 

VINYL CHLORIDE MARKET TRENDS 



Production^ 

Salcs (1) 

Unit Value 

Year 

(MM Lbs.) 

(MM Lbs.) 

(d/Lb.) 

1902 

1,311 

516 

7.5 

19C3 

1,435 ■ 

501 

7.0 

1964 

1,615 

597 

6.4 

1965 

2,000 

OSS 

6.1 

1966 

2,500 

836 

5.9 

1967 

2.424 

952 

5.3 

1963 

2,969 

1,463 

4.6 

1969 

3, 736 

2,359 

4.4 

1970 

4,040 

2,720 

3.9 

1971 

4. 336 

3,003 

4.2 

1972 

5. 089 

3,343 

4.0 

1973 

5, 3*ib 

NA 

5( 2 ) 

1974 

6,025( 3 ) 

NA 

7-10(?) 

1978— 




1930 

6,800( 4 ' 

N'A 

NA 

(Unimpacted 





by OSIIA 
Standards) 


Sources : (I) "Synthetic Organic Chemicals ", U. S. Tariff Commission, Annual Reports 1960-1973. 

(2) Posted price in tanks (works, freight equalized), Chemical Marketing Reporter, December 31, 1973 
and Jane 2*1, 1974. 

(3) Estimate based on 1974 capacity 6.C95 MM Lbs. in Exhibit III-1 at 90?o utilization. 

(4) 7,500 MM Lbs. capacity at 90<7j utilization per Hydrocarbon Processing, May, 1974, p. 83. 


NA=Not Available 





Exhibit III — 3, on the following page, summarizes employment data for 1974 

production, maintenance and laboratory personnel have 
responsibilities with likelihood of VCM exposure; these 
represent 720 workers or 77" 0 of manufacturing employment 

there are approximately 220 management and support personnel 

***** 

This section defined the* structure of the VCM industry. The section that follows similarly profiles 
PVC manufacture. 




EXHIBIT III - 3 


USDOL/OSIIA 

VINYL CHLORIDE PRODUCTION WORKERS 


Broad Job Classification 


Approximate 1074 
Number of Workers 


Percent of Total 


Production^ 

410 

44% 

Maintenance^ 

250 

27 

Laboratory 

60 

6 

/0\ 

Management and Support' ' 

220 

23 

Total VCM Workers Scaled 

910 

100% 


From Snell Survey 


Notes: (1) Includes line supervisors, such as foremen 

(2) Includes plant managers, engineering staff, clerical, etc. 

Source: Snell survey of industry covering approximately 65% of 1974-1075 nameplate capacity 
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IIIB. POLYVINYL CHLORIDE PRODUCTION 


This section defines the structure of the polyvinyl chloride (PVC) manufacturing industry. The 
. exhibits supporting this discussion appear sequentially after the text of this section. 

1. 21 COMPANIES OPERATE 36 MAJOR PLANTS 

A profile of PVC producers in terms of plant locations, nameplate capacities, and 
probable pblymerizer (reactor) sizes is summarized in Exhibit III-4. Exhibits 
1II-5 and III-G provide interpretation of these data. 

The total 1974 nameplate capacity of the industry is approximately 5.4 billion 
pounds per year, with over 1.9 billion pounds of new capacity scheduled over 
the next two years. 

. As shown in Exhibit III-5, no single company dominates PVC production. 

Goodrich, the largest single producer with five plants, produces 
approximately 20-u of the nation's PVC. 

The next five largest producers, with a total of nine plants, each produce 
between G1 and 9o of total production. These producers are Firestone, 
Conoco, Union Carbide, Eorden and Diamond Shamrock. 

Each of the next thiricen producers, with a total of twenty plants, shares 
from 1% to less than 5 P 0 of total production. 

The remaining two companies, with a total of two plants, each shares less 
than l ? o of total PVC production. 



II 







PVC is produced in sixteen states, as shown in Exhibit III-6. Production is 
close to raw material supply (VCM) or near resin market centers. 

Over 50"u of PVC resin capacity is concentrated in five states - Ohio, 

New Jersey, Texas, Massachusetts and California. 

Within these five states are located eighteen producing plants. 

Only ten plants arc located in warm climates where open structures 
are possible; the remaining twenty-six plants are sited in states 
having moderate to cold temperatures. 

A majority of the operating plants are older than ten years, as estimated in Exhibit III-7. 
About 58‘u of the plants are older than ten years. 

V- 

Only 8' 0 of operating plants are less than five years old, with the 
newest plant starting operation in 1971. 

Two new plants are scheduled to come on stream in late 1974, and 
several others are planned for later construction, seen from Exhibit III-4. 

Historically, PVC production has been a batch operation and manufacturing was 
conducted in relatively small reactors to maintain product flexibility, quality, and 
most important, these reactors were not available in large capacities. 

As shown in Exhibit II1-4, reactor sizes are almost equally divided 
between those plants using reactors less than 2.500 gal. capacity, 
and those between 2,500 gal. and less than 7,500 gal. 

Only nine plants use polymerizers equal to or larger than 7,500 gal. 




According to recent technological developments, the trend is toward larger 
reactors in new plants. An industry-wide summary of PVC homopolymer 
production as a function of reactor size in 1972 vs. 1975 is summarized in 
Exhibit III-8. 

Approximately 85% of the homopolymer produced in 1972 was made in 
reactors with 7,500 gallons or smaller capacity. 

By 1975, it is expected that the smaller reactors will account for less 
than 60% of total production. 

Bulk polymerization capacity is expected to almost double. 

The use of small reactors is expected to continue in the long run, but 
only for production of specialty resins. 

The four methods used for polymerizing PVC include suspension, emulsion, bulk, 
and solution polymerization, with suspension polymerization being used at a majority 
of plants as shown in Exhibit III-9. 

Suspension resin production is reported in 33 plants, accounting for 
78% of 1973 output. 

Emulsion resin production is reported in 16 plants, accounting for 13% 
of 1973 output. 

Four plants produce bulk resins, while 2 plants produce solution resins, 
accounting for 9% of 1973 output. 




\ 


THE PVC MANUFACTURING INDUSTRY HAS APPROXIMATELY 5,000 PLANT EMPLOYEES 


Based on the survey of PVC producers by Snell, estimates were 
developed of the 197-1 number of production and related personnel 
in the industry, as shown in Exhibit III-10. 

the approximately 3,COO workers identified with suspension 
processes represent CTL of industry employment, while 
emulsion process workers represent 27T.: bulk and solution 
orocess workers represent 9-o 

>5°o of PVC plant employment is represented by production 
workers, while 24" 0 by maintenance personnel; these approx¬ 
imately 3,900 workers have the highest likelihood of VCM 
exposure. 

The Snell survey yielded an estimate of 5,575 plant employees. A 
confidential study by industry sources independent of Snell, presented 
in Exhibit B-l, identified 5,0-15 workers. 


\ 


This section defined the structure of the PVC manufacturing sector. The section that follows defines 
key PVC markets. 


II 
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Approxim.v 

Nameplate 


Producer Ideation (million 

Air Products Calvert City, Ky. 125 

Pensacola,*Fla. 80 

American Chemical Long Beach. Cal. ICO 

Atlantic Tubing 

Borden llliopolis, Ill. 125 

Leominster, Mass. ISO 

Springfield, Mass. 70 

Certain-Teed Lake Charles, La. 

Conoco Aberdeen, Miss. 250 

Oklahoma City, Okla. 215 

Diamond Shamrock Deer Park, Tex. 250 

Delaware City, Del. 100 

Ethyl Baton Rouge, La. ISO 

Firestone Pottstown, Pa. 190 

Pcrryville, N d. 315 


General Tire Sc Rubber 


Ashtabula, Ohn 


125 


EXHIBIT III - 4(1) 


USDO L/OSHA 

PROFILE OF POLYVINYL CHLORIDE PRODUCERS 


Planned 

Additions 

Probable Polymerize: 

• 

Million Lbs. 

Starting 

Size Ranee (rail. 

\ 

Per Year 

Date 

<2,500 2,500 - <7, 50 

>7,500 

200-300 

planned 

X 

■ 



X 




X X 

X 




4 

50 

2nd qtr. 1974 

"* 


200 - 

late 1974 

X 




X X 


• 


X 

% 


300 

late 1974 

n.a. 

V 

, . 

( 

4th qtr. 

X X 

X 

( unspecified 
( 

1974 


X 

200 

late 1974 

X 

X 



X 

X . 

unspecified 

under way 

X 


( unspecified 

• under way 

X X 


( 

X 



x 


x 
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USDOL/CSHA 

PROFILE OF POLYVINYL CHLORIDE PRODUCERS 


Producer 

Location 

Approximate 107*1 
Nameplate Capaciry 
(million lbs.) 

Planned 
Million Lbs. 
Per Year 

Additions 

Starting 

Date 

Probable 

Size Ra 
< 2.500 2,500 

Polymeries r 
nqe (callo. 

- <7,50. >7,500 

Georgia-Pacific 

Plaqueminc, La. 


220 

4th qtr. 1974 



n.a. 

B. F. Goodrich 

Avon Lake, Olao 

315 



X 


X 


Henry, Ill. 

235 



X 


X 


Long Beach, Calif. 

190 



X 


X 


Louisville. Ky. 

ISO 



X 


X 


Pedricktown, N. J. 

160 



X 


X 

Goodyear 

Niagara Falls, N. Y. 

100 



X 


X 


Plaqueminc, La. 

loe 

100 

3rd qtr. 1974 

. X 


X 

Great American Chemical 

Fitchburg, Mass. 

70 



X 



Hooker Chemical 

Burlington, N. J. 

ISO 

• ( expansion 





liicksvillc, N. Y. 

15 

> held ; 

in 

X 






C abeyance 




Kcysor-Ccntury 

Saugus, Cal. 

35 



X 



National Starch 

Meredosia, Ill. 

10 (1) 



X 



Olin 

Assonet, Mass. 

150 



X 


X 

Pantasote 

Passaic, N.J. 

60 



X 



• 

Point Pleasant, W. /a. 

95 < 2 > 



X 


X 








EXHIBIT III - 4(3) 

USDOL/OSHA 

PROFILE OF POLYVINYL CHLORIDE PRODUCERS 


Approximate 1974 Planned Additions Provable Polymer:: ;: 

Nameplate Capacity Million Lbs. Starting '_Size Ranee (call ■ > 


Producer 

Location 

(million lbs.) Per Year 

Date 

<2.500 

2.500 - <7, 500 

>7. 500 

Robintech 

Pair.csville. Ohio 

250 

220 

4th qtr. 1974 


X 

* 

Stauffer 

Delaware City, Del. 

1 G0 

10 

3rd qtr. 1975 


X 

X 




55 

3rd qtr. 1976 




Tcnncco 

Burlington, N. J. 

150 




X 

X 


Flcmingto.t, N. J. 

85 



X 

X 



Pasadena. Tex. 


300 • 

4th qtr. 1974 


N.A. 


Union Carbide 

S. Charleston, W. Va. 

ICO 




X 



Texas Ciry, Tex. 

240 




X 

X 

Uniroyal 

Paincsville, Ohio 

120 



X 

\ 

X 

• 


. Total Nameplate Capacity 5,425 

Planned or 1,900+ 


22 

27 

9_ 




Anticipated 

New Capacity 





Notes: (1) 

Operates a pilot plant at Plainfield, 1 

J. with an estimated capacity of 0. 

2 million pounds 





(2) Jointly owned by Pantasotc and General Tire & Rubber, and operated by Pantasote 
Sources: Chemical Marketing Reporter, May 20, 1974; industry interviews; Modern nasties. May 1974. 


% 


N. A. - 


not available 




/-'"v 

; 



e 


; 


EXHIBIT III - 5 
USDOL/OSIIA 

COMPANY CAPACITY AS PERCENT ON TOTAL 
POLYVINYL CHLORIDE PRODUCTION CAPACITY 


Company 

1071 

Company Nameplate 
Capacity (million lbs. 1 

Share of Total Capacity 
at mid 1974 (percent) 

Accunn 1 ed 

Pcrc. 

D. F. Goodrich 

1080 

10 . 9-7„ 

19.9 • 

Firestone 

SOS 

9.3 

29.2 

Conoco 

465 

P.6 

37.3 

Union Carbide 

400 

7.4 

45.2 

Borden 

3S 5 

7.1 

52.2 

Diamond Shamrock 

3.SO 

6 . 4 

58. 7 

Rohimech 

200 

4. 6 

63.2 

Ttnn.cco 

235 

4.3 

67.6 

Air i" Lets 

205 

3.8 

71.4 

Goodyear 

200 

3.7 

75.1 

fooler 

195 

3.6 

78.7 

Ethyl 

1 F0 

3.3 

82.0 

Stauffer 

100 

2.9 

84.9 

American Chemical 

1 G0 

2.9 

87. S 

Pantusoie 

155 

2.9 

90.7 

Clin 

ISO 

2.8 

93. 5 

General Tire 

125 

2.3 

95.8 

Ui a royal 

120 

2 .2. 

98.0 

Great American 

70 

1.3 

99.3 

Kcysor-Century 

35 

0.6 

99.9 , 

loo, i "A * 

National Starch 

Total 

10 

5. 435 

0.2 

lC0.1<fr (1) 


Note: (1) Docs not add to 100v because of tounding errors 


Source: 


Exhibit III - 4 and Snell estimates 





EXHIBIT III - 6 


USDOL/OSHA 

GEOGRAPHIC DISTRIBUTION OF 
POLYVINYL CHLORIDE PLANTS - 197* 


Number Production Capacity Share of Total Accumnk 


State 

of Plants 

(million lbs.) 


Capacity (percent', 

Pci ■ i 

0 ;.io (1) 

4 

810 


14. 9 °Io 

14.9 

Now Jet cv 

5 

635 


11.7 

2 d..’, 

Texas (2, ‘ 

2 

400 


9.0 

35. d 

Massachusetts^ 

4 

480 


8.8 

44.;! 

California G) 

3 

3S5 


7.1 

51.5 

Illinois ' l) 

3 

370 


6.8 

58.7 

Maryland (1) 

1 

315 


5.8 

64.1 

Kentuckv 

o 

305 


5.6 

60.7 

. . (A 

Louisiana 

2 

2S0 


5.2 

74. 9 

Delaware (1) 

2 

260 


4.8 

79.7 

West Virginia 

2 

255 


4.7 

84.4 

Mississippi”? 

1 

250 


4 6 

89.0 

Oklahoma W 

1 

215 


4.0 

93. 0 

Pennsylvania ^ 

1 

100 


3.5 

9C. 5 

New York U) 

2 

115 


2.1 

98. d 

Florida^ 2 ' 

1 

80 


1 . 5 

100.1 

TOTAL 

3C_ 

5,435 


• 100. l^ 3 ) 


Notes: (1) Sited in moderate 






to cold climate 

2 G 

3,735 


68 . 7 


(2) Sited in warm 





V 

climate 

10 

1.700 


31.4 



3C 

5, 435 


100 . I# 3 ) 



Source: 


Exhibit III -1 and Snell estimates 





r 'v 


Producer 

Location 

Air Products 

Calvert City, Ky, 
Pensacola, Fla. 

American Chemical 

Long Beach, Calif. 

Borden 

Leominster, Mass, 
llliopolis, m. 
Springfield, Mass. 

Conoco 

Aberdeen. Miss. 
Oklahoma City, Old a, 

Diamond Shamrock 

Deer Park, Tex. 
Delaware City, Del. 

Ethyl 

Baton Rouge, La. 

Firestone 

Pottctov.rt, Pa. 
Perryville, Md. 

General Tire 

Ashtabula, Ohio 

Goodrich Chemical 

Avon Lake, Ohio 
Henry, Ill. 

Lon'' Bead), Calif. 
Louisville, Ky. 
Pcdricktown, N. J. 
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EXHIBIT III - 7(1) 



USBOL/OSIIA 

U. S. POLYVINYL CHLORIDE PLANT AGE- 

( 1 ) 

Pla nt Anc As Approximately Indicated By Startup Date (year ', 

0 - 5 0 - 10 11 - 15 16 - 20 21 - 25 over 2 


x 


X 


X 

X 

X 

X 


X 


X 


X 

X 




X 


X 


X 


X 


X 


X 



107 \ 


X 




» 


Producer 


Location 

Goodyear 


Niagara Falls. N. Y. 
Plaqeen.inc, La, 

Great American 


Fitchburg, Mass. 

Hooker 


Hicksvilh . N. Y. 
Burlington, N. J. 

Keysor- Century 


Saugus, Calif. 

National Starch 


Metedosia, 111. 

Olin 


Assonet, Mass. 

Pantasotc 


Passaic, N. J. 

Point Pleasant, W. Va. 

Robintech 


Paincsvillc, Oltio 

Stauffer 


Delaware City, Del. 


Tenneco 


Remington, N. J 
Burlington, N. J. 


\ 


/'*S 


EXHIBIT III - 7(2) 
USDOL/OSIIA 

U.S. POLYVINYL CHLORIDE PLANT AGE 

(i) 

Plant Age As Approximately Indicated By Startup Date (ycarsi 
0-5 u - 10 11-15 1G - 20 21 - 25 over 23 


x 


x 


X 


X 

X 


X 


X 

x (2) 

X 

X 


X 


X 


Ik 


to 


1974 








n 


a 


o 


■ J 


Producer 


Union Carbide 


Uniroyal 

Total 


location 

S. Charleston, W. Va. 
Texas City, Tex. 

Pairtesville, Ohio 


EXHIBIT III - 7(3) 

$ 

USDOL/,OSIIA 

U. S. POLYVINYL CHLORIDE PLANT AGE 

P1 an t Arte As Approximately Indicated Bv Startnn Date^ ^ (years) 

0-5 C - 10 11 - 15 1C - 20 21 - 25 over 20 

x 

x 

X 


3 12 6 8 4 3 


Notes-' (1) Or when plant underwent drastic rebuilding 

(2) Joint plant with General Tire & Rubber and operated by Pantasote 


1974 


Source: 


Snell industry interviews 













EXHIBIT III-8 
USDOL/OSHA 


PVC HGt-lOrOJ.YV.ER PRODUCTION IN VARIO. 
SIZE KEACTOKS - m72 1S7S 

~LaJ LI 



Assumes r,o impact from OSHA requirements 

Disch, C. E., Phs-ies -- Raw Materials to Fnd Markets and Coatings-- New 
yechnoloev ar.d Markets, American Chemical Socivty, Brooklyn, 1914, p.7. 


Source: 





EXHIBIT III - 9(1) 


USDOL/OSIIA 

POLYVINYL CHLORIDE PRODUCTION' BY 
RESIN TYPE 



* 


Product line 

• 


Suspension 

Emulsion Bulk 

Producer^ 

Location^ 

Resin 

Resin Resin 

Air Products 

Calvert City, Ky. 

X 



Pensacola, Fla. 

X 

** 

American Chemical 

Long Beach, Calif. 

X 


Atlantic Tubing 


X 

* 

Borden 

Leominster, Mass. 

X 

X 


Illiopolis, Ill. 

X 

X 


Springfield, Mass. 

X 


Conoco 

Aberdeen, Miss. 

X 



Oklahoma City, Okla. 

X 


Diamond Shamrock 

Deer Park, Tex. 

X 

X 


Delaware City, Del. 

X 

X 

Ethyl Cotp. 

Baton Rouge, La. 

X 

X 


Firestone 


Pottstown, Pa. 
Perryville, Md. 


x x 

X 

ji 


General Tire 


Ashtabula, Ohio 





Producer^ 

Location^ 

Goodrich Chemical 

Avon Lake, Ohio 

Henry, Ill. 

Long Beach, Calif. 
Louisville, Ky. 
Pedricktown, N. J. 

Goodyear 

Niagara Falls, N. Y. 
Plaqucminc. La. 

Great American 

Fitchburg. Mass. 

Hooker 

Burlington. N. J. 
Hicksville, N. Y. 

Keysor-Cenrury 

Saugus, Calif. 

National Starch 

Mercdosia, Ill 

Olin 

Assonct, Mass, 

Pantasote 

Passaic, N.J. 

Point Pleasant, W. Va v 


EXHIBIT III - 9(2) 


USDOL/OSHA 

POLYVINYL CHLORIDE PRODUCTION BY 
RESIN TYPE 


Suspension 

Resin 


Product line 


Emulsion 

Resin 


Du lk 
Resin 


Solutii 
Re s i ' 


<C? 


x 

x 

X 


X 


X 

X 

X 

>' 





EXHIBIT III - 9(3) 


V 1 



USDOL/OSHA 

POLYVINYL CHLORIDE PRODUCTION BY 
RESIN TYPE 


Product Line 


• 

Location ^ 

Suspension 

Emulsion 

Bulk 

Sole; 

Producer 

Resin 

Resin 

Resin 

Kcsi.i 

Robintech 

Paincsville, Oliio 

X 


; 


Stauffer 

Lolawarc City, Del. 

X 

X 



Tenncco 

Burlington, N.J. 

X 

X 




Flemington, N.J, 

X 

% 



Union Carbide 

S. Charleston, W. Va, 


X 


X 


Texas City, Tex. 

x 


X 

X 

Uniroyal 

Paincsville, Ohio 

X 

X 

— 

■— 

Total 


33 

1C 

4 

o 



- 3 . 

- . 

rr "“ J 

" 

1973 U. S. Production, million lbs 


3, 553 

593 

274 

137 

Percent of Total Production 


78 % 

13% 

e% 

/•> 

V* 


Note: (1) Jointly owned with Ccncral Tire, operated by Pantasote 

Sources: Industry interviews and Snell assessment of product lines 

Monthly Statistical Report. The Society of the Plastics Industry, Inc., April 6. 1973 and March 20, 1974 for production data 





EXHIBIT III - 10 



—N 

\ , 1 




USDOL/OSHA 

POLYVINYL CHLORIDE PRODUCTION WORKERS - 1974 


Workers By Process Type 


Ersad Job Classification 

Suspension 

Emulsion 

bulk 

Solution 

Total 

Percent of To* .! 

Production ^ 

1.020 

790 

135 

185 

3,030 

55% 

Maintenance ^ 

790 

470 

25 

( 

— 1,350 

24 

Laboratory 

2C0' 

100 

( 25 

< 125 

~ 390 

7 

Management 3nd Support^ 

CIO 

140 

■ (_ 

(_ 

^ S05 

14 

Total PVC Industry Workers Scaled 

3,530 

1. 500 

185 

310 

5.575 

100% 

From Snell Survey (3) 




= 




Percent of Approximate 1974 Capacity 


Covered by Snell Survey 

79% 

67% 

100 % 

100% 

• 








Notes: 


(1) Includes line supervisors, such as foremen 

(2) Includes plant managers, engineering staff, clerical, etc. 

(2) Personnel associated with compounding and fabrication in integrated facilies are not coun'-.d 


Sources: 


Snell survey of industry 
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IIIC. KEY POLYVINYL CHLORIDE MARKETS 


This section presents data on polyvinyl chloride (PVC) output trends, prices, end-uses, and polymt 
characteristics regarding free monomer levels as shipped to fabricators. Supporting exhibits appear sequa 
tially at the end of the text. 


1. PVC PRODUCTION HAS INCREA SE D OVE R 300 PERCENT FROM 1963 TO 1973, AND FROM 1972 
TO MID-1974 PRICES HAVE APPROXIMATELY DOUBLED 


Exhibit III-ll shows production, sales, and unit value trends since 1960. 

The increase in output from 1963 to 1973 was 318%. 

The leveling of output from 1972 to 1973 is attributed to a significant 
extent to feedstock and capacity shortages. 

In 1963, captive consumption represented only 13% of production, while 
in 1972 this was 10%. 

- • Unit value has steadily decreased until 1972. 

Exhibit III —12 presents recent price data for the major resin types as well as price 
and supply/demand forecasts for the 1978-1980 period. 

Between 1972 and mid-1974 prices have approximately doubled due to 
the effects of the "energy crisis", for example, from $0.10-$0.11 per lb. 
in .’ 972 to $0.21-$0.23 per lb. in mid-1974 for homopolymer resins. 


By 1978-1980 price leveling is expected, assuming minimal impact from 
safety and environmental regulations. 






; 


• i 


The average expected increase by 1978-1980 in PVC output compared to 1974 
levels is of the order of 40%. 

In 1978-1980 VCM supply and PVC capacity is expected to be reasonably 
balanced if construction expectations materialize, although PVC capacity 
may be tight. 

Exhibit 111-13 summarizes the supply situation of PVC and VCM including imports 
and exports. 

Exports of PVC remained at approximately ICO million lbs. in 1972 and 1973, 
while VCM exports dropped 32% from G20 to 420 million lbs. 

Imports of PVC increased over 15 times from 1972 to 1973, from 4 to 65 
million lbs., while VCM imports remained essentially negligible. 

Exports represent approximately 4% of U .S . PVC output and 8% of 
VCM output. 


2. MAJOR MARKETS FOR PVC INCLUDE CONSTRUCTION, HOUSEHOLD PRODUCTS. CONSUMER GOOD : AND 
ELECTRICAL USES 

. PVC products find use in almost every major sector of the economy as shown in 
Exhibit III—14. 

Pipe and conduit applications in building and construction arc the single 
most important end-use, accounting for 24% of 1973 consumption. 

Flooring, wire and cable, and furniture account for another 25% of 1973 
consumption. 


!l-l 





r 


The more rapidly growing markets for PVC are construction products, 
packaging, pipe, and fittings. 

More mature segments include apparel, flooring, home furnishing, 
phonograph records, transportation equipment, and wire and cable 
coating. 

Exhibit III—15 provides end-use forecasts of the PVC market through 1978-1980. 

During this period consumption is expected to range from 6,330 to 
6,820 million lbs. 

Construction is expected to be the dominant segment at approximately 
56% market share, a significant increase from approximately 43% in 1973. 

PVC FABHICATIOX PROCESSES INCLUDE CALENDERING, COATING, EXTRUSION, MOLDING AND P . -ITE 
PROCESSES 

Exhibit III—1G summarizes PVC consumption by major fabrication process 
as well as resin kind. 



The' table below shows the distribution of resin type in 1973 production. 

_ 1073 __ 

Resin Kind e, Use Thons.ir.ci l.bs. ” Pc ~: i: 

Total Polyvinyl Chloride L Copolymers Production 

(Dr/ Resin Content) 4, 561,500 

Homopolymer Resins 3,432,077 , 

Copolymer Resins 539,627 ^j 

Dispersion Resins, Latexes, &. Blending 539,196 

Source: Exhibit HI-16 


Percent of Total 


II 





The table below shows the distribution of fabrication type in 1973 end-use. 




1973 


Fabrication Type 

Thousand Lbs. 


Percent of Total 

Calendering 

013, ICC 


19,0 

Coating 

433,583 


10.5 

Extrusion 

2,207,902 


50,1 

Molding 

511,082 


11.1 

Paste Process 

155, 577 


3.4 

All Other 

22-1,301 


4.9 

Total U.S. Sales and Use 

4.5S5.79G ' 


09. 0°!o 


Source; Exmbit 111-16 


Extrusion is the most important means of fabrication with 50a of the resin processed 
by this means. Approximately one-half the extrusion throughput is to manufacture 
rigid pipe and tubing (except fittings) . 


FREE MONOMER LEVELS IN PVC SHIPP ED TO FABRICATORS VARY SIGNIFICANTLY AS A 
FUNCTION OF RESIN TYPE AND MAJOR END-USE 

Exhibit III-17 relates average order of magnitude free monomer levels in the 
principal types of PVC to major fabrication category. 







The table below summarizes the quantity of resin in three categories of free 


omer content. 

Possible Free 

Monomer level (ppm) 

Approximate 1073 U-S. 

Sales End-Use (Million Lbs.) 

Percent of Total 

less than 100 

805 

IS 

100 to 500 

3,2-15 

70 

over 500 

C'10 

12 

Total 

4. 500 

100'7> 





Source: Exhibit 111-17 

According to industry sources with improvements in stripping technology 
average monomer levels in pipe grade and general purpose resins of less 
than 100 ppm can be achieved. Thus, the total resin consumption averaging 
less than 100 ppm average free monomer levels can be 3,050 million pounds 
on a 1073 annual basis or approximately 84"„ of the total yearly consumption. 

Stripping of copolymers and latex products to below 100 ppm free monomer 
levels is reported to require significant technological development. 

Exhibit A-7 in Appendix A broadly discusses stripping technology 


* * * * # 

This report chapter presented the industry structure of VCM and PVC production and end-uses 
The chapter that follows briefly describes the technology of the industry. 
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EXHIBIT III - 11 




USDOL/OSHA 

POLYVINYL CHLORIDE AND COPOLYMER 
RESINS. RESIN EQUIVALENT BASIS 



Production 

Sales 

Value 

U: : Value 

Year 

1,000 llv.. dr/ hath 

1,000 li>s. drv basis 

1,000 dollars 

d. ./lb. 

19C0 

935, 50rt 

900,431 

208,550 

.* > 

lvGl 

977,251 

9C5.S10 

186,741 

1 93 

1562 

1.210.510 

1,150.807 

202.601 

: . 176 

1003 

1.385,845 

1,207,102 

218,114 

.181 

1 DC-1 

1.C3C.S91 

1,373,740 

240.056 

r . '75 

IOCS 

1,837,007 

1,715,321 

297,189 

> . 173 

10CC 

2,ICC,SCI 

1,816,457 

301,743 

■ . 166 

130 7 

2.102,438 

1,527,942 

302.110 

... 157 

IOCS 

2,035,394 

2,329,541 

326,5C6 

0. 140 

1009 

3,032,003 

2.74S.0C8 

, 375,393 

7 01 

1970 

3,115,204 

2,847,001 

SS3,506 

: . 135 

1971 

3,437,328 

2,995,434 

402,723 

1 .134 

1972 

4,322,000 

3.865.000 

503.048 

0, : 30 

1973 preliminary 

4,423,434 





Source: 


Synthetic Organic Chemicals", U.S. Tariff Commission, Annual Reports 1960-1973 
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EXHIBIT III - 12 
USDOL/OSHA 

POLYVINYL CHLORIDE OUTPUT AND PRICE FORECASTS 


Resin 

197o( 15 

1972^ . 

July 1974 (2) 

1073-U 

Homopolymer Resins, $/lb. 

0.10 

0.10 - 0.11 

0.21 - 0.23 

0.22 - C. 

Copolymer Resins,* S/lb. 

.0.12 

0.13 

0.23 - 0.25 

0.24 - C.. ■ 

Dispersion Resins, 3/lb. 

0.19 

0.19 

0.31 - 0.35 

0.32 - C. 

Total PVC Production/ 3 ' Million Lbs. 
PVC Capacity^ Million Lbs. /Year 

VCM Capacity^ Million Lbs./Year 



~ 4,700 
— 5,000 
~ 6,200 

6,300 -6. 70 
6,120 - 7. : 10 
~ 7,50 ■ 


Note: . 
Source:: 


1973-19S0 values do not include any impact of OSHA regulations, and price and output projections are judy. ’ by Snell 
to be on the low side. 

(1) Disci;, G. E., Pln;ties--R:\w Materials to llr.d Markets and Coatines--Xcw Technology and Markets, 

American Chemical Society, Drcol-.lyn, 1974, p. 7 - 

(2) Chemical Marketing Reporter, July 22, 1974 

(3) Hydrocarbon Processing, May 1974, p. 83 


V 





* 


12 months 

Jar*. " Dec. 

Commodity 

1973 # 

1972 

73/72 (percent) 

PVC 

4-123 

42S9 

+3 

\c\\ 

534S 

5175 

+ 3 

PVC 

1C2 

1-55 

+3 

VCM 

420 

C20 

-32 

PVC 

C5 

4 

1-1525 

VCM 

2 

ncg. 


PVC 

■132C 

4135 

*5 

VCM 

4930 

4555 

+8 


EXHIBIT III - 13(1) 


USDOL/OSIIA 

SUPPLY SITUATION OF POLYVINYL CHLORIL 
AND VINYL CHLORIDE 
(Million pounds) 




itecent Monthly Tre 

rids 



C-et. 

Nov. 

Dee. 

Jan. 

Feb. 

March 

Aprii 

1973 



f M 

1 '^> 

1 




Production 

Trends 





375 

3GS 

377 

373 

372 

'402 


472 

455 

450 

495 

467 

429 (2) 



Export Trends 





1G 

18 

15 

15 

27 

33 

31 

23 

30 

41 

36 

24 

45 

52 


Import T 

'rends 





6 

4 

6 

4 

C 

3 


neg 

. 

1 

0.3 

- 

neg. 




(1.2) 






Net Supply 





3C5 

354 

3C3 

357 

351 

372 


444 

425 

410 

459 

443 

384 






T< 

4 - 


EXHIBIT III - 13(2) 

USDOL/OSITA 

SUPPLY SITUATION OP POLYVINYL CHLORIDE AND 

VINYL CHLORIDE 
(Million pounds) 


Exports As Percent of Production 

1972 Oct. - Jan. 1973 (com. 


Jan. - Feb. 1974 (c .) 


Source- 


(1) Long-term cor,tracts about dS' , /j . 

(2) Net supply equals production plus imports less exports 

Chemicals and Rubber Program, Office of business Research and Analysis, U, S. Department of Commerce, 
April lo, 1974 






Apparel 

Baby Pants 
F oottre a r 
Outerwear 

Building ar.d Construction 

Extruded foam moldings 

Flooring 

Lighting 

Panels and siding 
Pipe ar.d conduit 
Pipe fittings 

Rain-water s’/stems, soffits, fascias 
Swimming pool liners 
Wcatherstripping 
Windows, other profiles 

Electrical 

Wire and cable 

Home furnishings 
Appliances 

Furniture 
Carden hose 
Housewares 

Wall coverings and wood surfacing films 


EXHIBIT III - 14(1) 


USDOL/OSIIA 

POLYVINYL CHLORIDE MAJOR MARKS'] 
1970 - 1973 (million pounds) 


1070 

1071 . 

1972 

1973 

23,0 

10.3 

24.2 

20.4 

110.0 

112.2 

140.8 

145.2 

47.0 

G0 # 0 

CG.O 

OS.2 


na 

6.0 

50.0 

r n o 
O t , J 

325.0 

283.2 

470.8 

404.2 

9.0 

8.8 

11.0 

11.0 

00.0 

50.4 

70.4 

85. S 

476.0 

533,0 

803.0 

1155.0 


74.8 

85.8 ' 

90.8 

na 

28.0 

30.8 

35.2 

35.0 

30. C 

44.0 

39.0 

30.0 

30.8 

30.0 

35.2 

45,0 

50,0 

55.0 

57.2 


no.o 

354.2 

423.0 

420.8 

21.0 

22.6 

35.2 

44.0 

2''7.0 

250. S 

297.0 

319.0 

35.0 

33.0 

44. 0 

39.0 

80.0 

81.4 

103.4 

112.2 

97.0 

101.2 

127.6 

118.8 












Markets 


Pack, 


blow molded bottles 
Clo. re lir.crs and gaskets 
Coatings 


Recreation 

Record: 

Sporting goods 
Toys. 

Transport, it 

Auto mats 
Auto tops 

Upholstery and scat covers 


Miscellaneous 

rrealture 
Credit cards 
Laminates 
Medical tubing 


EXHIBIT III - 14(2) 


USDOL/OSHA 

POLYVINYL CHLORIDE MAJOR MARKETS 
1970 - 1973 (million pounds) 


1070 

1071 ' 

1972 

10"3 

70.0 

50. G 

70.4 

79.2 

12.0 

15.4 

17.6 

19. S 

15.0 

15.4 

17.C 

19.8 

115.0 

110.0 

13G.4 

120.3 

co.o 

75.9 

83.0 

77.0 

1-10.0 

122.0 

149.6 

145.2 

35.0 

39. C 

50.6 

55.0 

CO.O 

59.4 

74.8. 

83.6 


35.0 


37.4 

39. C 

39. G 

30.0 


33.0 

35.2 

33.0 

C'l 

o 

o 


ICO.4 

180.4 

182. C 


24.0 

24.2 

11C.6 

145.2 

11.0 

11.0 

15.4 

17.C 

33.0 

37.4 

48.4 

50. C 

32.0 

35.2 

46.2 

50,6 









EXHIBIT III - 14(3) 
USDOL/OS1JA 


POLYVINYL CHLORIDE MAJOR MARKETS 
1970 - 1973 (million pounds) 


Market 

1970 

1971 

1972 

1973 

Novelties 

10.0 

S. 8 

13.2 

15.4 

Stationer/ supplies 

27.0 

2C.4 

35.2 

39.6 

Tools and hardware 

10.0 

11.0 

13.2 

17.C 

Export (Net) 

190.0 

1C5.0 

ICO.6 

'• 13S.G 

Other 

94.0 

190.9 

107.8 

99.0 

Total 

2027.0 

34GO.2 

4345.0 

477C.2 


Sources: Modern Plastics, January 10 /1, 3 972, 1972, 1974 
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EXHIBIT III - 15 


USDOL/OSIIA 

END USE FORECASTS OF POLYVINYL CIiLORI 
MARKET, 1974 and 1978 - 1980 • 


Polyvinyl Coloridc End L T sc Mantc^ 
(!, iilion ibs.l 


fs.j 


Construction 
Household Uses 
Packaging 
i.icctncai L.scs 
Consumer Coeds 
Transportation 
Miscellaneous 
Exports 


2,2 r >0 

Ci-50 

220 


197 5-1 OS 0 

3. 700 - 3. S00 
C:0 - 735 
<•10 - <75 
520 - 5<0 
570 - G25 
2S0 - 295 . 
2<0 - 250 
100 

G. 330 - C.S20 


Source 


O.sch. C. E.. ria-.tic. -law Materials to End Markets at 
American Chemical Society. Brooklyn. 1574. p. 3. 


td Coatin. 1 s--New Tccnnolo-'V and Mamets, 





(P) = Production 
(S) = Sales 
(U) = Internal L’se 

Pcsin Kin.1 IT: 

Total Polyvinyl Chloride & Copolymers ' (P) 

(Dry P.e'iii Content) 

Ihn.opolyit.c: resins 
Copolymer ilcsins 

Dispersion Kerins, Latexes, &. Blending 

Total i'c i ; sir.yl Ci.lari.'e A Copolymers (S A U) 
(Dry ii-ssr. Content) 

Total i Xperts 
Total Domestic 

Calendering, Total 
Flooring ’ 

1 cXttie 

All Cii.cr Calendering Uses 
Coating, Total 
Flooring 

Textile 0 Pape: Coaling 

Protective Coatings 

Adhesives A All Other Coating Uses 


EXHIBIT III - 16(1) 


USDOL/OSIIA 


POLYVINYL CHLORIDE CONSUMPTION BY 
MAJOR FABRICATION PROCESS - 1970 TO 19’. 
(000 LBS. DRY WEIGHT' 


1070 

1 A*’’ 1 
i » . » 

3,115,20-1 

<*> « r. n r»r ( o 

Oi ‘to i | >>wV* 

2,232,008 

2.-171,030 

5i0,020 

50-1, 4C1 

304,170 

•107,901 


2, 935.2 M 

3,391,135 

137,991 

105.454 

2 797,220 

3,224,731 

705, Ini 

335,114 

2-17 227 

274,544 

- 

80,994 

•157,907 

•173, 030 

253,803 

349.180 

75. 074 

113,029 

03,395 

142,405 

- 

41,000 

35,399 

49, 035 


1 07? 

19.73 

4,253,719 

4,501,50 

3,149,421 

3,4 J2.C77 

559,333 

539.027 

549.900 

539,100 

4, 3 - t>, 9 8 0 

4,732,157 

155.910 

140,301 

4.130.970 

4,585,7 s 

903, 404 

913.101 

332,C«1 

292,250 

74.519 

72,837 

550,204 

540 075 

425.273 

483,580 

133,0-15 

150,329 

173,237 

190,031 

53,353 

71.000 

59,033 

71,328 







F.csin Kind A Use 


Extrusion, Total 
Wire £: Cable 
Film & Sheet 

R._ :d Pi;.a .'4 Tubing (Except Fillings) 
Ail Other Extrusions 
Molding, Tot. 1 
Doilies 

S»< i: ".ci f.jcords 

i iiiii. 's (Rigid Pipe Sc Tubing) 

All Ot.:. 1 Molding 
Paste Procei-os (Except Coating) 

P?a„tiio! Formulation 
All Other 
All Other Use: 


EXHIBIT III - 1G(2) 

USDOL/OSIIA 

POLYVINYL CHLORIDE CONSUMPTION BY 
MAJOR FABRICATION PROCESS - 1970 TO 19. 
(GOO LBS. DRY WEIGHT) 


1970 

1971 

1 972 

1 

, 091. 775 

1.29 1, CS-1 

2.051,COS 

2 2 57 v. 

■ICS, 726 

342,919 

439, 055 

413,7.-. 

193,020 

173,035 

220,145 

204,20 

- 

497, 092 

1,008,077 

1,254.91 

-M2, <129 

275, 7C3 

384,331 

425,02' 

253.0-15 

309,070 

410,275 

511,05a 

“ 

00.119 

77,254 

87,00. 

1-10, 530 

137, MG 

143, 023 

144,11. 

- 

- 

(1) 

83,00. 

113,3C5 

135,105 

1 S I. 993 

191,02:. 

113, 05-1 

10a, 9-15 

150,099 

155,577 

113,05-1 

105,945 

91,337 

86,14: 

- 

- 

58,7C2 

69,42: 

370,394 

330, 729 

130,311 

224,391 


Nou 5: (1) Comparable 1912 data not available 

(-■) Not comparable because fittings were included in all other moldings in 1972 

Sources. "Synthetic Organic Chemicals", U. S. Tariff Commission, Annual Reports 1971 and 1972. 

Monthly Statistical Report. The Society of the Plastics 1. tlusuy, Inc.. April C, 1973 and March 20, 197-1. 







EXHIBIT III - 17 




USDOL/CSKA 

MAJOR RESIN TYPES AND THEIR TYPICAL 
FREE MONOMER LEVELS RELATED TO 
FABRICATION CATEGORY 

(Million Pounds) 


Typical Average 
Mid-1074 Itojiiual 


Rcsi 

r. X* 

VCM level/ 1 ' (trim) 

Calendering' 

Coatint; 

Extrusion 

Molding 

Paste 

All Other 

1073 Total 

Suip 

cr^icr. 










Pipe Grede 

150 



1,255 




1.255 


General Pa no 

f C less than SCO 

550 

215 

840 

185 



1,720 


Copolymer 

1,000 - 7,000 

200 



00 


ICO 



Overall 

500 








Dim 

ersien 










I a:cx 

•300 


200 





200 


Other 

less than 25 




240 

“155 


305 


Overall 

10 



















oro cy 

. ho 

70 


205 




275 


Overall 

25 






- 


Sciu 











Overall 

j. 5 


70 


• 


C5 

125 


010 

435 

2,300 

515 


225 

•}, o‘:0 

■— aa 



=-= 

=-= 




>>cte: (1) Individual data points around the averages can vary by a factor of three or more, before steps were taken to comply with the Err.e• nay 

Temper ary Standard there averages were significantly higher. Improved stripping is believed to have beer, achieved using state-o:- -art 
technology and operating procedures. dome major proeueers reported average VCM level; in general purpose resin significantly L. aw 


500 ppm and as low as 50 ppm. 


Sources : Snell estimates and Exhibit III-1** and 111-16 based on industry interviews. 
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:V. TECIIX'OLQGY OVERVIEW 
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IV. TECHNOLOGY OVERVIEW 


The previous chapter defined the economic infrastructure of the vinyl chloride (VCM) and polyviny 
chloride (PVC) industries. This chapter presents a technological overview of VCM and PVC manufacture 
to provide broad engineering and operational perspective to th information of Section V, which presents 
findings and conclusions. 

This chapter is divided into two sections: 

Section IVA, Vinyl Chloride 

Section IVB, Polyvinyl Chloride 

PVC is given significantly greater discussion emphasis than VCM since the study is primarily of PVC 


IV 
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IVA. VINYL CHLORIDE 


This section discusses the technology of vinyl chloride (VCM) manufacture. Exhibits appear 
sequentially at the end of the text. 

1. THE OXYCHLQRINATIQX PROCESS ACCOUNTS TOR APPROXIMATELY SOT OF VCM CAPACITY 

The tabic below summarizes estimated U.S. VCM capacity in 197-1 as a function 
of the manufacturing process. * 


VCM Pro.-css 


IsSt*. *. n .C-O X to'. Xa i • *C"p... .c 
Croncirv (Million Lbs.) 


Percent of Total 


Oxyciilorination 
Direct Chlorination Or.’. 


5.400 

000 


sift 

14 


Acetylene 


o.iO 


T otal 


6.700 


100 A 


Scarce; 


Exhibit III - 1 






Ihe balanced cxychlorinntion process is described by the following equations: 


Direct Chlorination 

: (1) 

Clh. --- CH_ + ( 

is 4S 

Ox y chlorination 

(2) 

CII 2 = CH 2 - : 

EDC Cracking 

(3) 

2CiCII 9 CIl 2 Cl 

X 

CD 

rr 

1 

1 


2 CII 2 = CIi 2 ■ 

Source: drowastein, 

A.M . 

. U . S . Petroc 


C1CH CH.Cl 
2 2 


CuCl? 


-100° c 


“ 250° C 
2CH 2 = CHC1 + 2HCI 


ClCH.CIIoCl + H~0 

is 4- 4s 


■' 2CH = CHC1 - H 2 0 


Tie Petroleum Publishing Co., 1971, p. 250, 


Exhibits IV-1 anci 1V-2 provide representative flow diagrams for the balanced 
oxychlcrinnticn process based on the Stauffer Chemical and 3. F. Goodrich 
Chemical designs, respectively. Unit operations are similar in balanced cxy- 
chiorination plants, although design details can vary appreciably regarding 
mass and heat balances, particularly in fractionation steps. 


Exhibit IV-3 provides a general process description related to the Stauffer 
design. The Exhibit also provides a more detailed description of unit opera¬ 
tions involving VCM. 







1 he American Chan..cal plant is believed to feature unbalanced oxychlorination, 
using only reactions (2) and (3) in the preceding table. 

The hLhy! plants and Dow's Plaquaminc plant are believed to feature direct 
chlorination and cracking only, using reactions (1) and (3) in the preceding 
table. 

Toe Menomehem plant, tile only substantial acetylene-based process still op¬ 
erating, is believed to lie balanced type employing both ethylene and acetylene. 

.he IIC1 produced ny pyrolysis of ethylene dichloride is addeo to acetylene for 
rurthcr VCM produciion, instead of oxychlorination. 

The newest process is the Transcat process (hummus Co. , and Armstrong Cork 
Co.) with, the potential to compete strongly with the ethylene process. It is one 
step synthesis oi VCM by oxychlorination of ethane. VCM is produced by passing 
ethane. IICl and air (1 to 1 to 2.5 vol) through a molten catalyst of KC1 and 
CuCl/CuCl, at B75°F. 

T3jON COSTS V.TP.I-' ESTIMATED 1'OR 197-1 TO PROVIDE THE BASIS FOR THE ECONO 

L.S S.MENT 

Exhibit IV--1 summarizes estimated 197-1 VCM economics. 


The data is provided in terms of unit costs of manufacture and profitability 
to enable sensitivity analysis of the potential impacts upon price of various 
VCM exposure limitation scenarios. 
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GENERAL LY. VCVI Pht OPUGTiOM CAXJMirSKKT RKLATiVEI.Y LIM ITED CHANGES OF 
: Ht.A n C, riiitSj /A". ..I. DUE TQ Al'TOMATIO N AND PEYOTE 

CGX Th GI, AN D OGT DGG;; CGG A-A A! 1CTION SI>HEAR TO REFINERIES 

However, localized hazard areas are associated on a routine basis with the loading of tank 
cars, tr.o cleaning o: tank cars and of other equipment. Maintenance operations'may be also a 
source of personnel exposure. 

( 1 ) ‘-x bb.-i Proa .a.; ,>;n I'k n.ts Are lie d . hr Automated , Continuous And Closed Systems 

A typical*VCM production plant consists of an island of process units, 
principally fractionation and similar towers, cracking furnaces, and 
sometimes compressors. Day tanks, providing storage space during 
testing, are also included. 

Long-term storage is provided by Ilnrtonsphcrcs which arc located in 
tank farms and connected to the lending racks where the tank cars are 


The flew of material through the production train (or trains) is controlled 
from control rooms, which, especially in newer installations, are fairly 
removed from the actual production units 

The operators spend much of their time in the control room, mostly monitoring 
the operation of automatic controllers and from time to time making necessary 
set point adjustments. Normally there is little need for the operating personnel 
to be physically present in the production area. 
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However, inspection trips may bo accessary from time to time and arc usually 
motivated by some abnormality in ti:o operation. While most of the abnormal¬ 
ities are usually traceable to instruments or control malfunction, significant 
lui-ivu could bo occurring and result in appreciable exposure risk. 


( 2 ) 


The VC.M Pl ant s Ate In-i .'TI y Com;botaly Outdoor O perations 

All production cqu.pmunt is generally installed out-of-doors. There is 
limited ci.anee cf YCM accumulation and area concentrations may remain 
low even in the presence c; significant leaks, particularly when atmos¬ 
pheric conditions are not stagnant. 


( 3 ) 


ever, 

sig 


lfic 

iii.i 0: 

<pn 

sure m.; 

’cacti; 

;u i 

li 

aG 1 

’ll! ur 

> tit 

0 lubra: 


;om. 

j 

»lib 

l. iCt . 

s m 

ay have 

amity 

Of f 


mis 

wide 

i; r. 

my be I 

be in 

;;cr 

iside 

ruble 

excess to 

u.roui 

id. 






Loadi: 

-I ^ 

a 

vi d 

Tank 

C. 

a' Clna: 

in M■ . • 

10::; 

e 

r i 1 

] . : i i! S 




V.uile there are some "cver-the7fcr.cc" pipeline del: - , vies ar.J seme marine 
shipments. Urn bulk of tiro VCM is moved in railroad tank c.*rs. Significant 
YCM exposure risk cun result from disconnecting transfer lines and from 
the historical practice to use "dip tubes" to determine the level in the tank 
car. 




/"•S 
V J 


-.'j 


^ n . r 




1 r. ivj. 

laid consists : 

n allow 

ing a 

minute , 

amount of VCM gas 

a esc 

• ipe through : 

at adjus 

table 

t Lll) II d 11 

aping into the tan!;. 

of li 

. : liquid in J. 

car rc 

mche: 

; the bo 

Item of the tube 

iffsTT: 

..cci i\.su. ii 

* * i *** w4 

visit) 

!e "plus 

:c" from the tube. 

has 

been to raise 

further 

the d 

ip tube 

at this point and to 


carefully at ; 

. !. wer 

rate i 

mtil the 

permissible level 

I 7 T 7 T; 

. i certain ..ku 

.. ;nkori 

c conditions 

tins method is known 

;: : n i 

head VCM co 


lions 

even at 

some distance from 


ar ■•'•:■ . A solution to this problem has bison to rorequip larger 
fleets o: t: nk cars with more cl iborate. non-emitting gauging devices. 


(- 1 ) 


air 

c! 

c::r.!U.; op 

t I i or, c ] 

Hit ICC 

> 

(»j; j 

dual aa.on 

tils of most 

comer. 

1 c< 

ill 

oj iuss.lli 

Hi *.!.(* ,.CI 

sorml 

i to 

. pc 

arson;;.’! c 

an be mini 

et.ir.cd 

£21 

HIT 

ations. V.; 

ail.. Series 

:s Pi it 

ii 1 

hy 

A;.; ircpr: 

a to Deni c: 

surd 


Cat.cuiropkic i nlures involving rupture of large volume containers or 
massive leaks upstream cf the main control device are rare. 
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Ot:io r situations u irk::; maintenance action (such as pulling’a unit off the 
hno tor iv: ) d; Viii into tv.n i .. ,cries: scheduled and unscheduled, will 

to.c .orr tor :.u re o..: iiy acco; a in :..,d using proper procedures to minimize VCM 
exposure risk:’.. 

App.v.prn.a: ojn.ra; a;: • .-o<\\h.: . - additional venting equipment can be 
t*’un lO * '■ ;. 4 . . : re v.i.....k\ o. a..note tr.e risk ci cxg.osure. hxhibit l.V -5 

shews an example of current operating procedure for maintenance action of 
the Dow Choarica! Company 


provider, a similar overview of polyvinyl chloride technology 


Section IVB, following, 








EXHIBIT IV-1 


"s 


USDOL/ OSHA 


V.iE STAUFFER PROCESS FOR VINYL Clii.ORID 



Source: Stauffer Chemical Co.: Vinyl Chloride. Hydrocarbon Processing 52: 104. November 1973. 
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General Description^ 

Ethylene dichloride (EDC) is produced in both addition (direct) 
chlorination and oxychlorination units. In the addition chlorina¬ 
tion unit ethylene and chlorine are combined to produce EDC in 
a liquid phase reactor. In the oxychlorination unit ethylene, air . 
and byproduct HC1 from the EDC cracking unit arc reacted to pro¬ 
duce EDC. An efficient catalyst in the vapor phase oxychlorina¬ 
tion reactor is used to promote liigh yields. High pressure steam 
generated in the oxy reactor removes reaction heat and is used 
as heat medium in other points in the process. EDC is separated 
from vent gas by condensation in two recovery units. There are 
no moving parts in the entire oxy process except in the air com- 
pres <r and refrigeration units, 

Ctude EDC from the addition and the oxychlori :ion units 
is combined with recycle EDC from the cracking unit and puri¬ 
fied by removal of small quantities of light and heavy materials. 
Aqueous effluents seperated from the crude EDC are steam strip¬ 
ped and are suitable for biological treatment. Both light and 
heavy ends may be treated for further use as feed to other chlor¬ 
ination processes. 

Vinyl chloride monomer (VCM) is produced by cracking 
purified EDC in the pyrolysis furnace. 
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EXHIBIT IV-3 (1) 
USDOL/OSHA 

VINYL CHLORIDE PROCESS DESCRIPTION 


Description of Unit Operations Involving VCNft *^ . 

Dry EDC is dchydrochlorinatcd to vinyl chloride as it passes through 
the packed rubes of a cracking furnace. 

The tubes arc normally packed with pumice, charcoal or some other 
"contact" type catalyst. At 900 to 950° F and 50 PSIG, EDC conversion 
is about 50‘7 j and yield to vinyl chloride is 94 to 97 mole', '. The hot 
effluent gases are then quenched, and partially condensed, by direct 
contact with cold EDC in a quench tower. 

Effluent fractionation and product purification are generally accom¬ 
plished in three additional towers, where caclt producer of VCM has its 
own modification of thir process. 

Hydrogen chloride an 1 light chlorinated hydrocarbons arc rejected over¬ 
head in the "IICL" and "Light Ends" towers. The hydrogen chloride is 
normally recovered by water scrubbing and recycled to the EDC plant. 
Trichlorocthanc, chlorinated C ‘s and other heavy ends are rejected from 
the bottom of cither the "quench tower or the "vinyl tower ’. Contained 
EDC is recovered by fractionation and recycled to both the quench tower 
and the feed storage tank. The light and heavy ends arc cither further 
processed or disposed of by, for example, incineration. Vinyl chloride 
monomer is taken overhead in the "vinyl” column, generally caustic 
washed, and then sent to the product storage facilities. 
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EXHIBIT IV-3 (2) 
USDOL/OSHA 

VINYL CHLORIDE PROCESS DESCRIPTION 


General Description^ 

After quenching, the furnace products arc scperated Into HC1, 
which is recycled to the 0 x 7 unit, and high purity VCM. Unrcacted 
EDC is recycled through the EDC purification system. 

The overall process is balanced so that only VCM is produced 
without byproduct MCI, Design is easily adapted to produce I1C1 for 
other uses, to use HC1 from other sources, or to make EDC as a 
seperate product. 

The process is highly automated for stable, fail-safe operation 
at high yields over a wide turn-down range. Startup is easy and 
rapid. Units combine simplicity of operation with low manpower, 
capital, operating and maintenance costs. 


Notes: 

(1) 


( 2 ) 

Sources: 

(1) 


( 2 ) 


Related.to the Stauffer process, Exhibit IV-1 
Reflects generalized practice 

v Stauffer Chemical Co.: Vinyl Chloride. Hydrocarbon Processing 52: 194, November 1973. 

Air Products & Chemicals, Inc. Houdty Division, Survey Report on Vinyl Chloride Monomer Production Via Dichlorethanc Pyrolysis. 
Prepared for Environmental Protection Agency; Durham, North Carolina; 1972. 






^<yi 


© 


\ 


EXHIBIT IV - 4 (l) 
USDOL/OSHA 

ESTIMATED VINYL CHLORIDE MONOMER 
ECONOMICS - 1974 • 


Unit Production Costs For A 500 Million Lb. Ethylene Oxychlorination Plant of 1974 
__Construction With Total Fixed Capital of $20.4 Million 


Plant investment 
Cost of Manufacture 
Raw Materials 

Ethylene (0,49 lb/lb @ 6.0<*/lb) 
Chlorine (0.67 lb/lb @ 3.00/lb) 

Subtotal 

Labor 

Utilities 

Maintenance 

Overhead 

Taxes & Insurance 

Depreciation 

Total cost of manufacture 
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EXHIBIT IV - 4(2) 
USDOL/OSHA 

ESTIMATED VINYL CHLORIDE MONOMER 
ECONOMICS - 1974 . 

(<?/lb.) 

Unit Production Costs For A 500 Million Lb. Ethylene Oxychlorinadon Plant of 1974 
__Construction With Total Fixed Capital of $20,4 Million_ 


Profitability 


Net selling price (FOB plant) 7 .41 

Cost of manufacture (6.13) 

Selling, general and administrative expenses ~ (0.30) 

Pretax profit 0.98 

Pretax return on total investment (@ 1.2 plant Investment) 207o 


Sources.- 


(1) Snell estimates based on Brownstcin, A. M., U. S. Petrochemicals , Tulsa, Oklahoma, 
The Petroleum Publishing Co., 1971, p. 25 

(2) Snell estimates based on mid-1974 Chemical Marketing Reporter posted prices 
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EXHIBIT IV-5 (1) 
USDOL/OSHA 

EXAMPLE OF A STANDARD OPERATING PROCEDURE FOR 
MAINTENANCE AT DOW CHEMICAL CO. VINYL CHLORIDE WORKS 


SAFETY PROCEDURE 


Subject: BLEED-DOWN OF VINYL CHLORIDE CONTAINING EQUIPMENT 

Problem: At present. pumps, sections o: piping, and some cquipn ent are partially or otherwise bled down to atmosphere. This exposes personnel to vinyl 

vapors if care is not taken. 1 


Situation 


Obviously, there are numerous situations that occur in the plant, where exposure to vinyl vapors is possible when preparing equipment for repair 
or or. try. Most equipment is either already tied into the vent recovery system for bleed-down, or can be, with limited tcmp'' r ary piping. Almost ali 
bleed-downs can be done through, the vent recover)' system and all personnel exposures to vinyl vapors must be eliminated. Elimination of exposure 
to tlua vapors shoulJ extend to any final low pressure bleed-down of equipment that has already been relieved through the vent recovery system. Also, 
preventative measures should be taken wh.cn opening equipment with stagnated vapors in it. In these two cases, proper respirators should be used to 
prevent exposures due to change of wind direction or otherwise. 


Solution: 


All seal repair work done on vinyl furnace pumps sr.ould utilize the vent recovery system for the primary bleed-down. Any small final bleed- 
down s!.o..!d in.ohc personal respirator protection. In some eases, it may be necessary to use a full face mask, rather than a mouth-bite 
respirator. 

remporur) pipmg to the vent recovery system should be run when necessary to vent an isolated piece of equipment, or run of piping. 

When brearur.g into a vessel or piping system containing vinyl tha; has been depressured, use a respirator. (Hose-Line Mask). In the case of 
breaking vinyl containing system, the use of respirators should parallel the policy of using monogogglcs. 







•-'-1 





< 





EXHIBIT IV- 5 (2) 
USDOL/OSHA 

EXAMPLES OF A STANDARD OPERATING PROCEDURE I OR 
MAINTENANCE AT DOW CHEMICAL CO. VINYL CHLORIDE WORKS 


All vessels will be purged to D-234 vent recovery system before opening. Considerable exposure to vinyl vapors is possible working around 
these openings due to trapped liquid vaporization inside the vessel. Therefore, fresh air-supplied masks should be used around such openings 
for exposures of any length. 

When breaking into vinyl containing equipment, the immediate supervisor of that area should advise the type of respiratory equipment to be 
used, and issue a safe work permit in some cases. 


Source: Dow Chemical Corporation 
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IVB. POLYVINYL CHLORIDE 

This chapter discusses the technology of polyvinyl chloride (PVC) manufacture in broad terms. 

Appendix A provides more detailed data from contacts with industry, from submissions to OSHA related 
to the "Proposed Standard" and other sources. All exhibits appear sequentially at the end of the chapter. 

There are four basic processes which can be used for producing PVC. 

. Suspension Polymerization ' . 

. Emulsion Polymerization 

. Bulk Polymerization 

. Solution Polymerization 

These processes are presented in a "capsule" summary in Exhibit IV-6. 



1. OF THE FOUR PROCESSES FOR THE MANUFACTURE OF PVC THE SUSPENSION PROCESS IS THE 
MOST ECONOMICALLY IMPORTANT, ACCOUNTING FOR 78 PERCENT OF PRODUCTION 


The table on the following page summarizes the relative contribution of each 
process to the total production for 1973. 






' s 


1973 Production 


Process 

(Million Lbs.) 

Percent of Production 

Suspension 

3,558 

78 

Emulsion 

593 

13 

Bulk 

274 

6 

Solution 

137 

3 

Total 

4,562 

lOOt'j 


Source.- Exliibit III-9 


The importance of the suspension process is reflected in subsequent discussion. 

Exhibit IV-7 presents a flow diagram for a representative suspension process. 

Principal unit operations include . m 

monomer receiving and storage . This is discussed in Appendix A, 
where Exhibit A-l presents operating procedures while Exhibit 
A-2 shows a flow sheet. 

. polymerization 

this is also discussed in Appendix A, where a 
/. technological assessment was developed by Snell 

addressing reactor design and cleaning in Exhibit A-3. 

.. a comparison is also presented of large versus small 
reactor technology in Exhibit A-4. 

Exhibit A-5 shows the schematic of an older polymerizer, 
while Exhibit A-G shows that of a newer design. 

stripping and in-process storage - Stripping technology is broadly discussed in Exhibit A-7. 

I 

- # drying • • 

finished product handling 


-1 
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Exhibit A-8 in Appendix A provides a representative plant 
layout with typical operator movements. 

Exhibit A-9 in Appendix A presents a flow diagram of emulsion polymerization. 

It is seen from Exhibit IV-8, at the end of this chapter, providing a technological 
overview of suspension polymerization, emulsion polymerization and their copoly¬ 
mer production variants that suspension and emulsion polymerization are very 
similar in terms of gross equipment used. Differences in detail are summarized in 
the Exhibit. 

Exhibit IV its an overview of the polymerization cycle for the suspension 

and emuls ;sses. Differences principally concern time requirements, 

detailed in u.o Exnibit. 

Exhibit IV-10 provides a checklist of potential VCM sources contributing to 
local or area type VCM exposure'risk in suspension polymerization. The most 
important potential sources are identified in the Exhibit. 

Exhibit IV-11 shows a flow diagram and process description for bulk polymerization. 

Fxhibit IV-12 presents a summary discussion of copolymers manufacture, which 
involves the suspension, emulsion or solution processes. 
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2 • ESTIMATES WERE DEVELOPED BY SNELL OF PVC INDUSTRY ECONOMICS AND THE TIME REQUIRED TO 
ACHIEVE VARIOUS ENGINEERING GOALS -- 


Exhibit IV-13 presents typical time requirements for implementing various engineering 
control methods. 

Typical delivery times were also estimatr * key equipment items and these are pre - 
sented in Appendix C, Exhibit C-l. 


. Exhibit C 2 presents Snell's overview of time requirements in implementing engineered 
controls of VCM exposure in PVC plants. 

. Exhibit IV-14 , at the end of this chapter, summarizes 1974 PVC economics. Total cost 
of manufacture is estimated at 14.4C/lb. at a 20% pretax return on total investment. 

This cost profile is used in the next chapter in economic impact evaluations of various 
VCM compliance scenarios. 

***** 

This chapter discussed the technology and basic production economics of VCM and PVC manufacture. 
The next chapter presents findings and conclusions. 
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Exhibit IV-6 


USDOL/OSHA 


CAPSULE OVERVIEW OF POLYVINTL CHLORIDE PROCESSES 


_____________ Suspervion Polymerization _ 

Suspension polymerization uses water as a medium (or VCM with a 
suspension agent sarh as pilyvuyl alcohol and a catalyst such as benzoyl 
peroxide. Euffen such as sodium carbonates or ptiosphatc can be use J to 
rr.acma.n pli it j to 3 during the reaction and presets hydrochloric acid 
evalutlcn. Pol)merizatloa under nitrogen Increases reaction rate as well 
as comroL atid release. 

The charge to a reactor miglj be composed of; 

1 100 pan VCM 

. 200 parts w atcr 

. 0.1-3.1 p»n catalyst 

. C. 0-31-3.1 part suspension agent 

The VCM/m.c: ratio is limited by site rheology of the suspension to 
enable proper removal of l‘.c heat of pelyr.'.rrirati<*n. Vigorous agitation 
aid: hear exchange and maintains VCM as fine droplets suspended in water. 
After drying the jvlyr.'.er "pearls" range from 10 to I'O microns for general 
jxirpmc applications, anJ smaller for s;<cculry products. 

Pm*.ess temperatures range from HO to 45°C. and the umc to rum around 
a ;olymcrizcr can range from 5 to 11 hours. 

Major uses of suspension polymerized PVC arc in calendered film; 
extruded film, wi/e coatings, pipe and proulc; and molded products. 


(12 31 

____ Folv.-rcr >ati<>n v _ 

Emulsion (dispersion or pane) polymerization is very similar to the suspens m process. Recipe 
differences principally concern the use of emulsifiers and initiator:. The time to turn around a 
reactor can range from 10 to 23 hours. 

A cello.J dispersion of PVC for... ics in an aquco'ij phase is produced in ti ls process. These 
partici-.. approximately 0.5 micm£s in size, cm be utilized directly fro-, the dispersion, or 
latex, citix r plasticized or unplasticizcd, or they can be spray dried to a powder for use :n gla-.iisols, 
rigidsoL, piastigeis. or crg.inos.iIs. Processes utiLzuig PVC dispersion resins include slusli molding, 
casting, dipping, spray coating, roll and krufc coating, and rotational molding. 

P la st iso la arc vinyl dispersions containing little or no volatile Ls-dds and thus are essentially 
IOC* soli.... Organ-sols aie similar in composition to pbstisols except for the presence of voluble 
liquids used to cxter.J ^c liquid ptui;c and thus reduce viscosity. 

Pulyvir.)! iliioridc for plastisols and organosols is polymerized „n emulsion systems that ptoviJc 
collo.ual water dispersions containing ultinate particles of approximately C.2 to 2.0 microns in size. 
Spray drying cf the water dispersion produces the commercial product, a dr/ powder of approx.matcly 
2 microns average panicle size, with some particles as large as 15 to 20 lerons. About 10* of the 
PVC used in the U.S. Is dispersion grade. 

Most vinyl dispersion resins find use in the rwo broaJ areas of coating and moldings. 

Organosols arc used to produce thin films of fdgher h. runcss than can generally be obtained from 
plastisols. 

Latex hquid systems of vinyl chloride homopolymers ar.d copolymers arc also available. These 
systems arc colloidal dispersions in water. The average panicle size is usually less than 0.3 micron. 

Latexes axe effectively used to coat, impregnate or saturate fabrics, paper and leather with 
polymeric dispersions of Lw/cr viscosity than most pLacisols. 


_ i .'.a fV ;:r Jti-m *' _ 

A more recently developed process is earned out in specially 
designed reactors in the absence of v atcr and suspension additives, 
because bulk resins arc polymerized in a monomer matrix, the unused 
poriior.of which is recycled, they n;Lil*. Ize con;:2 -wing processing 
residues to ilic cnv;mn.v.eni as p:ll_tan:». While capable of produc¬ 
ing Seth gcr., rai-purpose an- »p*.*i.»iry types bf l* VC. the be lit cr 
ma's (oilmen station p.vr/ ran also pr.Hluce very (vrous t\ Z. die 
structure of which differs considerably itvin re sms prlym.ce.zcd via 
susp*nsion. Berj-u* rvC panicles polymerized in hulk are free uf 
additives used in suspension ar.d emulsion polymerization, they lack 
membranous coatings. The excellent clarity inherent m bulk resins 
has made them preferred in many transparent product markets, includ¬ 
ing packaging film, bor.lcs. and coating. 

c . n , (1 > 

solution rolv—.cz;/at;-»n _ 

A process of icsscr commercial importance th,a ti* others 
dacussed l.as been uiiu zed u*i fee paring sprculsy co rly-en and 
ter polymers of vinyl chlor.dc. Polymerization occurs in ci t itiz 
sol/era winch then must be usually removed and recovered. The 
solution pilyn.cn arc generally higher priced and used m product 
applications si coatings and adhesives. 


-cs (1) 1772-1273 Modem Plastics Encyclopedia, p. 104. 

(2) 1273-1974 Modem Plastics Encyclopedia, p. 113. 

(3) SrclL 
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REPRESENTATIVE POLYVINYL CHLORIDE 
SUSPENSION RESIN MANUFACTURE FLOW DIAGRAM 
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Source : Walter B. Connolly, Statement of Position of 
Firestone Plastics Company, A Division of 
the Firestone Tire &. Rubber Company, With 
Respect to the Proposed Permanent Standard 
Dealing With Occupational Exposure to Vinyl 
Chloride to Occupational Safety and Health 
Administration. Juno 25. 11*74. 
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Process Step 

Process Where Used 

Most Commonly Used 
Equipment 

( 1 ) 

VCM Unloading 

s. E. 

Co 




S. E. 

Co 

Tank car 



S. E. 

Co 

Flexible hoses 



S. E. 

Co 

Transfer pump 



s. E. 

Co 

Evaporate' 



s. E. 

Co 

Evaporator feed pump 



s. E. 

Co 

Unloading compressor 

(!) 

VCM Storage 



Hortonspheres 

(3) 

VCM Transfer and MetcrLng 

S. E. 

Co 

Transfer pump 



s. E. 

Co 

Day tank 



S. E. 

Co 

Weigh tank and reactor 





Loading pump 

• 


s. E. 

Co 




S. e; 

Co 


(«) 

Polymer Lx ad 00 

s. E. 

Co 

Stincd reactor (poly- 





merlzcr, autoclave) 

IS) 

Stripping 

S. E. 

Co 

Stripper 


( 6 ) Monomer Recovery S, E, Co Foam knockout poi 

S, E, Co Vacuum steam Jet 

Co 

Co 

Reciprocating compressor 

S, E, Co Condenser 

S, E, Co Recovered VCM tank 

S, E, Co * Chilled vent cor.dcr.sex 

S, E, Co Recovered VCM pump 


EXHIBIT IV-* (1) 
USDCL/0*3tA 


Less Commonly Used 
_ Fr;u.p.-v.cn t 

Barge 

Rigid pipe with flexible 
couplings 


Vacuum pump 
Horizontal tanka 


Line strait.sx 

Metering tank and reactor 
Loading pump o^ metering 
pump 

Premia tank 
Addition pot 


Blowdown tank 


Several poa In series 
And/or vacuum pumps 

Condenser 

Comonomer separator 
Rotary compressor 

Recovery sdll 


TtaiNOLCCICAL OVERVIEW Of SUSPENSION (S). 
EMULSION AND CO-fOLYMZICZATION 
(S L E TYPE) 


Cornrr.fr 


*s 


Some plants have pipe line delivery with oc without local iroiage. 
Tank cars; 10 to 38, OCO gala.; Barges: Up to 300,000 gala. 


Some low capacity plants are said to use nitrogen displacement for unloading. 
This practice can cause venting problems on return can at the VCM piano* and 
at tl.e unloading facility. 

Sometimes used to vent hoses prior to disconnect. 

HortOdspheres; LOO-SCO, COO gala.; Tanks; Up to 80,000 gala. 

Sometimes storage is under refrigeration 15°C. 


Seme plants particularly those using weigh ur.ks omit the day tank. 
Used occasionally. 

Li copolymerlzatloo the other monomer la introduced here. 


Sometimes used. 

Suspending agena and catalysts arc sometimes premixed ar.d added through a specially 
designed addition pot. Often ingredienu arc manually poured into ~c rcacturs. 

Clan llr.cd or stainless stud: From 2,000 to 5,000 gala. historically. 

New technology; To 35. COO gals. a. to 18.000 gals. C.L. 

Snipping is sometimes carried out In die reactor, most simply throus£ depcssuizidoi 
and monomer recovery. The use of steam Jets Is more advanced, while vacu-.T. pumps 
arc a ho used. Hearing and steam sparging U som.ctimesprscrl^ed. Separate sc. ppers at 
approvin' arcly twice the volume of ihe reactor arc used. Developing technology is likely 
to feature r.iuhi-ttegc stripping usl-ig steam to reduce free monomer In the product and limit 
In-plant ar.d dryer exhaust emissions. 


Monomer ffcove .7 la tied In to stripping. 

Jet txhautt is usually vct.teJ to atmotphere. Vacuum pump exhaust can go 
through monomer recovery unit. 

Most processors do net separate the como.nomet but recycle the m ixed 
recovered sc cam. 

The rr.es: commonly used 01 die rotary compressors a the Nash water seal, 
said to have less maintenance problem than the rcc.pt oca ring. 

Slight proprietary technological differences exist In th.e handling of tfie 
recovered monomer stream. 

The recovered monomer is rearmed to the day or the weigh tank. 
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Mon Commonl/ Used 


Process Step 

Process Whe.-e Used 

Equipment 

(7) Product Transfer 


Transfer pump 


*, E. Co 

Strainer 


«. E. Co 

Blend tank 


l*> Diylng 

S. E. Co 

S. Co 

Feed pump 


s 

Centrifuge 


s 

Wet.cake conveyor 


E 



E 

Spray dryer 


E * 



E 



S 

Rotary dryer 

(8) Product aamfer and storage 

S. E. Co 

Dust collector 


S. E. Co 

Intermediate storage 


S, E, Co 

Rieumadc conveyor 


s. E. Co 

Grinder 


S. E. Co 

Dust collector 

' 

«. E. Co 

Storage silos 

(1C) Packaging and Shipping 

E. Co 

Bulk loading 

Hopper cars 

Tank trucks 


Source; Snell uii/ili based on industry Interviews. 
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Lest Common!/ Used 


EXHIBIT IV-t(2) 


Some reactors sre gravity dropped using fie■ iblc coupling or pernuncru 
piping. 

Filler or wet si t-ju Basket strainers have been removed In tome suspension plants. Open strainers 

sometimes used In rmuhlon plana require significant operator attention. 

Newer type iiralncrt are equipped with back flush. in tome Installations, it* 
•training equipment la spot vented. 

Usually 2 to 5 times the size of the reacton. Sometimes open to the atmoeph. 
( out-of-doori), usually vented, sonic rimes with blower and vent suck. 

U a latex product Is desired, steps 8, 8, and 10 arc omitted. 

Suspension slurry Is 20 - 30*Vw solids. 

Usually continuous solid bo*V. 

Wet cake contains about 30 - 2'J% water. 

Concentrator Sometimes used be foie spary dryer. Usual wiped film type. 

Coagulation tank | 

Rotary vacuum lUur > This equipment combination has been reported. 

Apron dryer . ) 

Flash or fiuid bed dryer 30, 000 to 70,000 CFM of drying air. Final moisturet 0.2-0. yj». 


For holding product while Q. C tea a are performed. 

There la a large variety of alternate types of rqulpment and configurations for 
the conveying of dry ptoduca. Several alternate systems exist In the same 
plant. 

Bagging equipment la usually automatic or semi-automatic fluidized valve ba„ t> «c 
Bus* carriers sometimes use some form of fluidising for unloading. 
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EXHIBIT IV-D 




, USIXU./itfUA 




Tilt POLY MO'! 

, ATION CYCLE IN THE SI ?PENSION AND EVULSION TROCEASES 

Cycle Step 

Time 

Most Co:r:;v»n Practice 

Alternate Practice 

On*.:: ents 

. Charging 

• Water addition 

10<0 minutes 

Manway open, exhaust via "elephant hose". 

Fill the reactor with tltc required amount of 
water. Usually by observing the level in the 
reactor on metering. 

Sometimes the watex is metered in with 
manway secured. 

In most planes the operator is in close proximity to the reactor during 
tiic clarging operations. In most eases the displaced atmosphere is 
vented by means of the elephant Itosc during water fill. 

- Ingredients 
addition 

5 minutes 

AJd manually tljou.th open manway. 

Close the valves, secure the manway. 

^remixed amounts dissolved or suspended in 
water arc introduced to an addition pot. 

A newer practice is to have the ingredients d.oolvcd or suspended 
in appropriate wciph tanks and added tiirough a manifold, som. ernes 
with computerized controls. 

- Monomer addition 

10-20 minuter 

Prior to monomer addition the reactor 
atmosphere is vented tiirough a steam jet or 
a vacuum pump. 

The monomer is metered through a weigh 
tank or other metering device. 

Sometimes, in addition, nitrogen is used either 
at atmospheric or under reduced pressure. 

Iji some cases the ingredients. particularly the citalyst(s), are held 
in a specially desisted addition pot. Alter monomer addition the 
atmosphere of tlx pot is connected with that of the reactor and the 
iogtcJicnt change is dropped by gravity Into tiic reactor. 

. Reaction 

- Initiation 

15-20 minutes 

Steam or hot water is admitted to the jacket 
to bring the temperature to 35-45°C. 

Direct steam sparging into the reaction mixture. 

A 


- Cooling 

5-20 houn 

During the reaction, cold water is circulated 
through tiic jacket to carry away the heat 
evolved. 

Sometimes the rate of circulation of the cooling 
water is adjusted by an automatic closed loop 
control. 

f 

• Stripping (3low 
down) 

15-00 minutes 

Some plants use only depressurization through 
the recovery unit, via foam knock-out pot, 
followed by steam jet. 

Use vacuum pump ut the end of depressurization, 
venting to the recovery system. 

A newer practice is to sparge steam to enliar.ee _ 
the stripping and reduce the amount of free monomer 
going to the next steps. 

Unrcictcd monomer is recovered either in the reactor itself or 
after transfer of the charge to a stripper or blow down tank. 

V 

. Reactor inspection 

5-10 minutes 

To determine that the reactor is empty. 

Sometimes the manway is opened and residual 
material is hosed out of the reactor. 

C 

Newer automatic cleaning mci!»Js have been devised to eliminate 
the need to open the manw ay, or at leas to minimize marual 
cleaning by a nan entering the reactor. 

. Cleaning 

20 minutes 

to 4 houn 

In most operations this is done every 3rd to 

6th cycle. 

Newer methods are used: 

- In-place water cleaning 

- Solvent cleaning 

The most comm**ly used methods of automatic cleaning are 
described in Appendix A. 


1*1.5 houn 

A man enters the reactor and chips or scrapes 
away the accumulated material. 

Since January 1074 the man is equipped with 
a fresh air breathing device while in the 
reactor, and w ears protective clothing. 

A man enters the reactor and uses a hand-held 
high pressure water hose. 

Prior to entry and while the mar. is in the reactor the atmosphere 
of the tank is renewed through an exhauz system connect. J to an 
elephant hose. With teaetors equipped with ilex.tie connection die 
discharge hose la lef: open. With permanency connected te.c:or. a 
separate blower is lowered in the reactor to assist tiic air circulation 
in the reactor. 1 


I 


Source: Snell engineering wwnont based on industry interviews. 





EXHIDIT IV-10 (1) 


USDOL/OSHA 

POTENTIAL EXPOSURE CHECKLIST BASED ON SUSPENSION 
POLYVINYL CHLORIDE MANUFACTURE 


Tank Farm (VCM Storage) • 

. Rail car unloading 

- Gasketing at hose connections 

- Pump seals* 

- Compressors * 

- Flanges at pipe joints 
• Valves* 

- Venting pressure off hoses before disconnecting 

. Transfer operation (from storage tanks, to weight tanks) 

- Pipe flanges 

. - Pump seals* 

- Valves* 

- Compressors* 

- Airing out tanks for pressure inspection or cleaning* 
Fblvmerizatien - Reactor and Stripper Level 


Pu seals* 

Flailed pipe joints or vessel connections 
Reactor and stripper heads* 

Reactor and stripper seals 
Valves* 

Opening reactor and stripper heads for flushing* 
Flushing reactors and strippers* 

Cleaning reactors and strippers* 

Cleaning buildup from valves, lines, etc.* 
Maintenance on various pieces of equipment 









EXHI3IT IV-10 (2) 


Polymerization - Reactor and Stripper Level (contLiucd) 

. Airing out equipment in preparation for entry 
. Operator errors* 

. Plugged lines resulting in gasket failure* 

. Ventilation of reactors during flushing operation (vapors discharged on toof) 

. Airing out vessels containing poorly degassed material as a result of plugged discharge line, setup, etc.* 
. Purging of reactors prior to charging (vapors discharged on roof) 

. Purging of stripping vessels (vapors discharged on roof) 

Polymerization Funding - Pump Out Level (Relief Area) 

. Pump seals 
. Compressor’ 

. Leaking pipe flanges resulting in spills 
. Leaks in VCM filtering vessels* 

. Drains from top floor* 

. Reclaim water containing dissolved vinyl chloride discharging inside building* 

. Draining of foam traps on compressors* 

. Draining water oft die condensed recovered vinyl chloride* 

. Moving polyncr chips outside building and dumping drums 
. Changing and handling VCM filters’ 

• Blend Tank Area ( Work-in-Process Storage! 

. Monomer evolution during storage* • * 

. Flushing blend tanks’ 

. Leaks (pump seals, hose , pipe flanges) 

Rotary Drying Operation 

. Rotary dryer exhaust air 

Leaks from pump seals, pipe flanges 
. Centrifuge liquid discharge (effluent) 





EXHIBITIV-iO (3) 


5. Rotary D.-yinu Operation (continued! 

Any operation involving handling or storage of finished resin or where dried resin accumulates 

Bagging 

. Housekeeping 

. Dried product screening 

• . Changing dust collector bags 

. Cleaning equipment 

. Pneumatic transfer of resin to storage or into bulk trucks and rail cars 
. • Maintenance operations in areas where large masses of resin arc stored, primarily silos 

6. Warehouse Area 


. Space where resin is stored in a manner that restricts air circulation 

- Plastic shrouded pallets 

- Resin (and compound) in scaled drums or boxes, etc. 

- Resin (and compound) in semi-bulk containers (metal tote bins, etc.) 

t 

. Storage of resin in bags 
7’. Lab Area 

. Testing of finished resin (and compound) 

. Testing of resin slurry prior to drying (suspension resins)* 

Testing of VCM 


* Likelihood of relatively greatest exposure. 
Source : Firestone and Snell assessment. 
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Exmair iv-11 

USDOL/OSHA 

TYPICAL FLOW DIAGRAM FOR 
THE DU IK PROCESS 


The two-step b.itch polymerization process carried 
out in two reactors in scries. During the first step poly¬ 
merization proceeds in a H • :id medium of vinyl chloride 
monomer: it is a bead forma' on phase rate in the range 
of 10 to 12 For this initial phase, a stainless clad, 
vertical autoclave equipped with very turbulent agitation 
is used. Operating pressure and agitation conditions set 
the particle size distribution and the shape of the bead 
used thereafter as a seed in the second step. 

The second step is a growing phase for the seeds; 
ir is pcr.or.vcd in stainless clad autoclaves designed for 
efficient agitation of a powdery medium. At the end 
of the polymerization cycle the unreacted monomer is 
recovered by condensation and directly reused for further 
polymerization. PVC resin is then discharged from the 
hor.zortal autoclave to a classification unit which screens 
the product to the desired specification.. Oversize amount¬ 
ing to 5-101". of total is reduced in size with an appropriate 
grinder designed not to affect the pioduct properties. 

Since mass process produces a dr/ free flowing resin 
prior to classification ti.e normal capital expenditure; as¬ 
sociated in suspension PVC process for dewatering and 
drying arc not necessary. The plant is run by a sequen¬ 
tial program; the automatic control of operating pro¬ 
cedures results in excellent re; reductibility of products 
manufactured. 


Source: Hydrocarbon Processing. November 19C8, p. 193. 
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EXHIBIT IV-12 
USDOL/OSHA 

OVERVIEW OF C0P0LYMERIZAT10N 


cppply:.:it.s are manimacyimko :.y the suspension. the emulsion', or the solution process 



and recovery areas. 

(!) Suspension And Emiilsion Copolymcrizaticns With Vinyl Acetate Arc Carried Per In The Same Equipment As Used For Homoaolymcrization • 

T..c on.y differences arc the addition of a feed line from vinyl acetate storage tank to the monomer weigh tank and a slie.ht modification to the 
recover/ system as indicated below. 

• • Stripping of the unreacted monomers is carried out by venting the unrcacted VCM to a recovery line modified to permit seperate recovery 

of the vinyl acetate. When most of the unrcacted VCM has beer, vented to the recovery, steam is sparged through tire slurry until a vapor 
steam containing VCM. vinyl acetate and a substantial amount of water vapor is obtained. The .ecovcry line is equipped with two con¬ 
densers in series upstream of the recovery compressor. 

• A two phase system of liquid vinyl acetate and water is discharged from the bottom of the condensers. The vinyl acetate, seperated by 
decantation is returned to the process via the weigh tank and the water phase is discarded. Some processes are designed to recycle the 
mixed monomer stream back to the reaction without seperation. 

W Copolymcrizatiwis Involving Vinviidcnc Cnloridc As A Comonomer D.ffer From Homop.-l/irwizatioi.; In The Recover.’ Proces s 

A separation column is usually incorporated in the recovery train to separate the’unrcactcd vinylidene chloride. The column is designed to take 
advantage of the lower volatility of the vinylidene chloride (B. P.7C0 = 31.7°C). The recovered monomers are returned scpcratcly to the process and 
the charges adjusted accordingly. 


Source; Snell assessment based on industry interviews. 
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EXHIBIT IV - 13 (1) 


Method 

Major ventilation project 
Minor ventilation 

Venting of temporary tank car connection lines 

Installation of new gauging systems on tank car 
fleet 

Replacement or reconditioning of reactors (polys) 

Installation of solvent cleaning of reactors 

Installation of automatic water cleaning of reactors 

Additional stripping not requiring new steam 
generating facilities 

Additional stripping requiring new steam generating 
facilities 


USDOL/OSHA 

TYPICAL TIME REQUIREMENTS FOR 
IMPLEMENTING VARIOUS ENGINEERING CONTROL METHODS 
FOR POLYVINYL CHLORIDE PLANTS 

Rationale Time to Complete 

Increase rate of air changes in closed buildings 18 months 

Install spot ventilation on a piece of equipment: 1/2 - 2 months 

pumj), strainer, etc. 

Decrease release of VCM trapped between tank car 1-2 months 

valve, using vacuum and/or nitrogen flush 

Eliminate the continuous emission of VCM which 12 - 24 months 

occurs with the dip tube system 

Reduce leakages at manholes, seals, etc. 18 - 24 months 

Reduce need to clean manually 30 months 

(Alternative to solvent cleaning) 24 months 

Reduce VCM emissions downstream from the poly- • 18 months 

merization step 

Reduce VCM emissions downstream from the poly- 36 months 

merization step 


Replacement of sirarners 


Eliminate open strainers and/or substitute closed 
self cleaning units 


3-8 months 




X 
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Method 


Installation of rotary compressors to replace 
reciprocating compressors 

Modifications to the piping 

Major processing change requiring R & D and 
demonstration 

New plant construction 


EXHIBIT IV - 13 (2) 

USDOL/CSHA 

TYPICAL TIME REQUIREMENTS FOR 
IMPLEMENTING VARIOUS ENGINEERING CONTROL METHODS 
FOR POLYVINYL CHLORIDE PLANTS 

Rationale Time to Complete 

Reduce VCM leakage during operation 18 months 

Reduce the number of flanged connections, etc. 1-12 months 

e.g. Change over from the batch to a continuous process 4-7 years 

Install a complete redesigned facility 2.5 - 3 years 


Sources: 


Snell s estimates based on interviews with producers, equipment manufacturers and engineering know-how 



5 . 


) ^ 


• 

o 


EXHIBIT TV-14 
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USDOL/OSHA 


• 

POLYVINYL CHLORIDE ECONOMICS' 1 ) - 1974 


Designed plant capacity (MM lb./year) 

200 


Plant investment (MM $) 

20 


Production (MM lb./year I 90% utilization) 

180 


Plant investment per unit of production (d/lb.) 

11.1 


Cost of Manufacture 

d/lb. 


Vinyl chloride moncmer ( 1 . Od lb. y) 80 /lb.) 

8.5 


Operating labor and supervision 

0.4 


Capital recovery ( I 12% - 10 years) 

2.0 


All other costs (catalysts, utilities, maintenance, etc.) 

3.5 


Total cost of manufacture 

14.4 


Profitability 



Net selling price (FOB plant) 

18.6 


Cost of manufacture 

(14.4) 


Selling, general and administrative expense 

(1.5) • , • 


Pretax profit 

2.7 


Pretax return on total investment (J> 1.2 plant investment) 

20% 


( ) Grass roots pLnt, locate on Gulf Coast, producing general purpose suspension resin, prior to the Emergency Temporary OSHA Standards. 

-S2id£££. : Snel J ® sti, y ates bascd NI11 K r ° m ‘ Jack: Incentives for Recycling and Reuse of Plastics. Washington. Environmental Protection Agency 1972- 
industry interviews; and mid-1974 Chemical Marketing Reporter posted prices for monomer and polymer. X ’ 
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V. FINDINGS AND ECONOMIC ANALYSIS 
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V. FINDINGS AND ECONOMIC ANALYSIS 

This chapter presents the findings and economic analysis drawn from aggregation of plant-by-plant 
economic data, and the detailed data appearing in Chapters ill and IV dealing with industry structure and 
technology respectively, as well as from the appendices. . 1 

Information is presented in individual sections topically addressing each of the key regulatory con¬ 
siderations of primary concern to the study (See Exhibit II-l). Sections follow as shown: 

. VA - Economic Impact Assessment 

VB - Personal Protective Equipment Availability and Costs 

VC - Monitoring Eouipment Availability and Costs 

. VD - Medical Surveillance Costs 

. VE - Exposure Data 


V-l 
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VA. ECONOMIC IMPACT ASSESSMENT 


This section presents the estimated economic impact of various regulatory standards on the vinyl chloride 
monomer (VCM) and polyvinyl chloride (PVC) industries. For this study, economic impact is defined only 
as the direct cost impact on the VCM and PVC industries resulting from compliance'with proposed OSHA levels 
of VCM exposure. As shown in Exhibit II-l, study of economic impacts in other sectors and evaluation of 
PVC substitutability were not included in the scope of work. The specific study methodology employed and 
the indicators of economic impact are detailed in the respective discussions for the VCM and PVC industries. 

1 ’ METHODOLOGY FOR ESTIMATING THE ECONOMIC IMPACT IS BASED ON SNELL AUDITS 
OF INDUSTRY ASSESSM ENTS OF REQUIRED EN GINEERING , PERSONAL PROTECTIVE AND 
MONITORING EQUIPMENT ~ — ~ 

Information for assessing the economic impact under various VCM regulatory 
levels was collected through an industry survey conducted by Snell. 

The cost estimates are developed for various compliance levels. 

plant-by-plant costs reported by industry for various VCM 
exposure levels provided the data base 

individual plant information was aggregated to provide the 
estimated impact per pound of VCM or PVC produced for the industry 

Cost estimates of specified equipment were checked by Snell for order of 
magnitude validity. 
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V-2 




monitoring and personal protective equipment information were 
compared with equipment supplier quotations 


specific items such as compressors, pumps, etc. were validated 
with supplier quotations 

COS ' , lte H mS ,0r . the required en Sineering steps were reviewed by Snell 
engineers to determine their accuracy. 

Exhibit V-l. on the following page, summarizes the economic impact indicators used. 

r! ND1NGS FR0NI ECOMOMIC I MPACT ANALYSIS DELATED TO THE VfiU TfjnittTttv „uv 
ON SUBSTA NT IAL DATA TO A T ARGET LEVEL OF T T,m VCM CEIUNO AND ^ 5 Tlvl 

seiiarate^f hvn !" dUS ‘" y costs of roducin S VCM levels in VCM plants were ' 
separated into five categories which include: 


engineering costs, including: 

ventilation 
vapor recovery 

stripping (product purification) ’ 
.. loading for shipping 

other (pumps, piping, etc.) 


V-3 










Indicator 


Estimated Industry 
Costs of Achieving Various 
VCM Target Levels 


Engineering ) 

Personal Protective Equipment ) 
Monitoring and Other ) 

Productivity Loss 


• Price Impact Analysis 


• Industry Claimed Time to 
Reach VCM Target Levels 

• Percent of Industry "Endangered" 
As A Function of Target Levels 


Change in Emphasis of Engineering 
Controls in PVC Plants As A Function 
of Target Levels 


De finition 

• Based on capacity weighted aggregation of 
industry reported costs audited by Snell 

• These are defined in the text of the 
Economic Impact Assessment for VCM 
and PVC plants, respectively 

• Productivity loss is the cost of additional 
capacity needed to maintain industry¬ 
wide capacity at levels unimpactcd by 
OSH A regulations 


• The impact of the costs of compliance 
relative to a standard unimpacted 
price element 


• Analysis of the distribution of the times 
claimed for each plant 

• The level at which management will 
seriously consider plant shutdown based 
on distribution of industry responses 


• Analysis of the distribution of the 
major categories of engineering 
action in the industry responses 


EXHIBIT V-l 
USDOL-OSHA 

ECONOMIC IMPACT INDICATORS 
USED FOR THE STUDY 

Comments 

• txpressed as unit capital and annual 
cosrs in Exhibits V-2 to V-4 for VCM 
and Exhibits V-7 to V-10 for PVC 


• Exhibit C-3 in Appendix C provides 
further explanation of productivity'' 
loss 

• Based on data for the plant su . pic 
at each level 

• Does not consider potential shifts in 
supply/demand configurations 

• See Exhibits V-13 and 14 for VCM 
and PVC, respectively 

• See Exhibits V-5 and V-ll for VCM 
and PVC. respectively 

• Actual decisions to shut down plants 
are based on a complex set of factors 
plant- by-plant 

• Sec Exhibits V-6 and V-12 for VCM 
and PVC, respectively 

. . See Exhibit V-l7 and Exhibit C-5 
in Appendix C. 


Source.- Snell 








personal protective equipment costs, including: 

. . shower and eating facilities 

breathing equipment (respirators, air lines and bottled air) 
clothing (uniforms and protective clothing) 

monitoring costs, including: 

. . personnel monitoring equipment 

., area and leak monitoring equipment 

., medical testing 

.. record keeping 

productivity loss 

the continued cost of keeping at the levels unimpacted by 
OSHA capacity otherwise derated as a result of regulation 

the cost includes equipment, personnel, etc. but does not 
include the costs of temporary shutdowns 

expensed items 

these include consultant costs, management time, etc. 

. . out-of-pocket expenses of 0.01 C/lb are not included 
since these are considered as one time only costs 



For VCM plants, engineered OSHA compliance steps are judged to be signif-'-antly 
the same as those for air pollution control. 

Summarized estimates of VCM industry cost impacts and timing to meet selected 
VCM compliance levels follow in Exhibits V-2 through V-6. 

Exhibit V-2 presents the case of the 50 ppm VCM ceiling 

Exhibit V-3 presents the case of the 25 ppm ceiling 

Exhibit V-4 presents the case of the 10 ppm ceiling and 2 to 5 ppm 

TWA (time weighted average) 

Snell assessment in these Exhibits of VCM levels potentially achieved 
is based upon the exposure data in Section VE and Appendix B 

Exhibit V-5 presents the industry claimed time requirements for compliance 

Exhibit V-6 serves as a summary discussion of these findings 
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USDOL/OSHA 


Snell assessment of VCM level potentially achieved (1 ) 
Total plants in sample: 9 

Processes represented^ 2 ); O, STO, DO, DC, G 
Location of plants in sample^ 2 ); 8W, 1C 


ESTIMATED INDUSTRY COSTS OF ACHIEVING A 50 PPM VCM 
CEILING LEVEL IN VCM PLANTS AS CLAIMED BY INDUSTRY 
AND ASSESSED BY SNELL 

less than 50 ppm ceiling with 15 ppm TWA. 


Capacity in Sample * Millions lbs. per year (Percent 1974 U. S. nameplate capacity): 5, 125(77%) 

Percent Industry claimed capacity from sample for which management will seriously consider plant shutdown 
at a 50 ppm ceiling VCM level: 

Snell estimate of percent capacity from sample for which management will seriously consider plant shutdown 
at a 50 ppm ceiling VCM level: o% 



Direct Costs 

Capital 
(S/1.000 lb.) 

Annual 
(S/1.000 lb.) 

Percent of Total Annual Cost 


L 

Engineering Costs( 4 ) 

$0.66 

$0.29 (S ) 

43% 


n. 

Personal Equipment Costs(6) 

0.03 

0.02 2 3 4 5 6 (7) 8 9 10 

2 


m. 

Monitoring 

0.08 

0.13 (7. 8.9) 

19 



Total Direct Costs(lO) 

$0.77 

$0,44 

64% 



Productivity Loss 

$0.16 

$0.24 

36% 



Total Costs 

$0.93 

$ 0.68 

100% 


Td 

Snell estimate of VCM levels achieved in plants incorporating the level of control effort represented in the Exhibit. 



Monitoring data is detailed in Appendix B. 


(2) O = Oxychlorination, STO = Stauffer Oxychlorinadon, DO = Dow Oxycholorlnation, DC = Direct Chlorination, G = Goodrich Oxychlorination. 

(3) W = Sited in warm climate, C = Sited in cold climate. 

(4) Ir eludes ventilation, vapor recovery, stripping, loading and other (piping, general pumps, maintenance, etc.) 

(5) Includes capital amortized <® 12% - 10 yrs. and O&M charges. 

(6) Includes breathing equipment and clothing. 

(7) Includes capital amortized @ 12% - 5 yrs. and O&M charges. 

(8) Includes area and personal monitoring equipment. 

(9) Includes medical and recordkeeping costs. 

(10) ftoductivity loss is the industry average cost of additional capacity, personnel, etc. to maintain industry capacity levels 
unimpacted by OSHA regulations, an example is provided in Exhibit C-3. 

Source; Industry interviews and Snell estimates. 





EXHIBIT V-? 

USDOL/OSHA 

ESTIMATED INDUSTRY COSTS IN ACHIEVING A 25 PPM VCM 
CEILING LEVEL IN VCM PUNTS AS CUIMED 3Y INDUSTRY 
AND ASSESSED BY SNELL 

Snell assessment of VCM level potentially achieved^) 25 ppm ceiling with 15 ppm TWA. 

Total plants in sample; 7( 2 ) 

Processes represented^). O, STO, DO, DC, G 
Location of plants in sampled); 8W, 1C 

Capacity in Sample - Millions lbs, per year (Percent 1974 U.S. nameplate capacity); 3,625 (54%) 

Percent Industry claimed capacity from sample for which management will seriously consider punt shutdown 
at a 25 ppm ceiling VCM level; 0% 

Snell estimate of percent capacity from sample for which management will seriously consider plant shutdown 


25 ppm ceiling VCM level; 0% 






Capital 

Annual 



Direct Costs 

(S/1.000 lb.) 

(S/1. 000 lb.) 

Percent of Total Annual Cost 

L 

Engineering Costs (5) 

$1.72 

$0. 69 < 6 ) 

58% 

n. 

Personal Equipment Costs CO 

0.05 

0. 04( 8 ) 

3 

hl 

Monitoring 

0.17(9) 

0.21(8,9,10) 

17 


Total Direct Costs 

$1.94 

$0.94 

78% 


Productivity Loss(H) 

$0.18 

$0.26 

22% 


Total Costs 

$2.12 

$1.20 

100% 


Notes: (1) Snell estimate of VCM levels achievable in plants incorporating die level of control effort represented in the Exhibit. 

Monitoring data is detailed in Appendix B. 

(2) Two plants not in this cost sample did not report cost estimates for a 25 ppm VCM ceiling target but provided an analysis for 
a lower target VCM level. 

(3) O = Oxychlorination, STO = Stauffer Oxychlorination, DO = Dow Oxychlorination, DC = Direct Chlorination, G = Goodrich Oxychlorination. 

(4) W = Sited in warm climate, C = Sited in cold climate. 

(5) Includes ventilation, vapor recovery, stripping, loading and other (piping, general pumps, maintenance, etc.). 

(6) Includes capital amortized (® 12% - 10 yrs. and Q&M charges. 

(7) Includes breathing equipment and clothing. 

(8) Includes capital amortized (® 12% - 5 yrs. and O&M charges. 

(9) Includes area and personal monitoring equipment. 

(10) Includes medical and recordkeeping costs. 

(11) Productivity loss is the industry average cost of additional capacity, personnel, etc. to maintain industry capacity levels 
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USDOL/OSHA 


ESTIMATED INDUSTRY COSTS OF ACHIEVING A 10 PPM VCM TARGET 
CEILING AND 2-5 PPM TWA LEVELS IN VCM PLANTS AS CLAIMED 
BY INDUSTRY AND ASSESSED BY SNELL 


Snell assessment of VCM level potentially achieved Same as industry claimed . 
Total plants in samples: 9 

ftocesses represented^: O, STO, DO, DC, G 

Location of plants in sample^: 8W, 1C 


Capacity In Sample-Millions lbs. per year (percent 1974 U. S. nameplate capacity): 5. 125 (77ft) 

Percent industiyclaimed capacity from sample for which management will seriously consider plant shutdown at a 
10 ppm ceiling and 2-5 ppm TWA VCM level: Oft 

Snell estimate of percent capacity from sar. pie for which management will seriously consider plant shutdown a; a 


10 ppm ceiling and 2-5 ppm TWA VCM level: 

Oft 



Direct Costs 

Capital 
(S/1, 000 lb.) 

Annual 
(S/1,000 lb.) 

Percent of Total Annual 

L Engineering Costs(^) 

$3.68 

$1.44( 5 > 

45ft 

II. Personal Equipment Costsi®) 

0.09 

0. 07( 7 > 

2 

IIL Monitoring 

0. 22 ( 8 ) 

0.24(7.8.9) 

7 

Total Direct Costs 

$3. 99 

$1.75 

54ft 

Productivity Loss ( 1®) 

SI.04 

$1.46 

46ft 

Total Cost^ 1 ^ 

$5.03 

$3.21 

100ft 


Notes: (1) Snell estimate of VCM levels achievable in plants incorporating the level of control effort represented in the Exhibit. Monitoring 
data is detailed in Appendix B. 

(2) O = Oxychlorination, STO = Stauffer Oxychlorination, DO = Dow Oxychlorination, DC = Direct chlorination, G = Goodrich Oxychlorination. 

(3) W = Sited in warm climate, C = Sited in cold climate. 

(4) Includes ventilation, vapor recovery, stripping, loading and other (piping, general pumps, maintenance, etc.). 

(5) Includes capital amortized (5> 12ft - 10 yrs. and O&M charges. 

(C) L.eludes breathing equipment and clothing. 

(7) Includes capital amortized !3 12ft * 5 yrs. and O&M charges. 

Includes area and personal monitoring equipment. 

Includes medical ar.J recordkeeping costs. 

Productivity loss is the industry average annual cost of additional capacity, personnel, etc, to maintain capacity levels unimpacted 
b) rejmlaiions. ^^ycamnl^^yjrovide^n Exhib^X-3. 

^ Ci^^Himat^^Rlude^ro^sis pla^^^th a^^Wted 2^^WVC1^^WV (8 ^^^*vel.^^™ 

Industry interviews and Snell estimates. _ 


( 8 ) 

(9) 

( 10 ) 


ft 
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EXHIBIT V-5 


USDOL/OSHA 

U.S. INDUSTRY CLAIMED TIME TO kZ*CH SELECTED VCM LEVELS 
IN VCM PLANTS THROUGH ENGINEERED CONTROLS 


End of Year 


Sample Total _1974_ •_1975_ _1976_ _ 1977 


VCM Target Level 
Claimed by Industry 

Number 
of Plants 

Capacity 
(Million Lbs.) 

Number 
of Plants 

Percent 

Capacity 

Number Percent^ 
of Plants Capacity 

Number 
of Plants 

Percent^*) 

Capacity 

Number 
of Plants 

Percent 1 ) 

Capacity 

19 

Number 
of Plants 

' 10 

Percent^ 1 ) 

Capacity 

50 ppm ceilLng 

9 

5.125 

9 

100% 








25 ppm ceiling 

7<2) 

3,625 

1 

7 


6 

93% 





10 ppm ceiling and 
2-5 ppm TWA 

9 

5,125 




3 

49 

5 

46% 

1 

5?o 


Notes; (1) Percent of sample 1974 capacity. 

(2) Two plants did not report cost estimates for a 25 ppm VCM ceiling target, but provided an analysis for a lower target VCM leveL 
Source; Industry interviews by Snell. 
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EXHIBIT V-6 
USDOiyOSHA 

SUMMARY OF VCM INDUSTRY COST IMPACTS, COMPLIANCE 
TIME AND CAPACITY ENDANGERED 


VCM Target Level 
Claimed by Industry 

Snell Assessment 
of VCM Target 

Level 

Direct Costs 
of Compliance 

Annual Unit Costs. d/Lb 

Costs To Make Up for 

Loss of Productivity 

Total Cost/ 2 ) 

Industry Claimed 
Compliance Period 
Required for 
Engineered Controls 

Percent of Industry 
"Endangered *0) 
Based on Sample 

50 ppm ceiling 

< 50 ppm ceiling 

and 15 ppm TWA 

0.04$ 

0.03d 

0.07 + 10% 

In compliance now 

- jr.. .. 

0% 

25 ppm ceiling 

25 ppm ceiling 
and 15 ppm TWA 

0. 09 

0.03 

0.12 + 20% 

2 years 

0% 

10 ppm ceiling with 
2-5 ppm TWA 

10 ppm ceiling 

and 2-5 ppm TWA 

0.17 

0.15 

0.32 + 40% 

3 years 

0% 

"No detectable" 



Not feasible 

based on engineering controls. 



100% 


Note*: (1) Cose at each VCM level represent the cumulative costs incurred to reach the target level. 

(2) The percentage ranges of total costs represent Snell's estimates. 

(3) Endangered = Management will seriously consider plant shutdown. 

Source: Exhibits V-l through V-5. 
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3- FINDINGS FROM ECONO MIC IMPACT ANALYSIS RELATED TO THE PVC INDUSTRY ARE 

BASED ON SUBSTANTIAL DATA TO A TARGET LEVEL OF 15 - 25 PPM VCM CEILING AND 
10-15 PPM TWA “ _ 

Snell assessed industry costs of reducing VCM levels in P\ olants 
were separated into five categories which include: 

engineering cost r .ncluding: 

.. VCM unloading 

.. * ventilation 
. . reactor cleaning 

.. stripping arid VCM recovery (possibly to meet a 100 ppm 
residual VCM target, but definitely to facilitate meeting 
the PVC industry exposure target level) 

.. other (pumps, piping, etc.) 

personal protective equipment costs, including: 
showers and eating facilities 

breathing equipment (respirators, air lines ana bottled air) 
clothing (uniforms and protective clothing) 
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monitoring costs, including: 

personnel monitoring equipment 
. . area and leak monitoring equipment 

. . medical testing 

record keeping 

productivity loss 

the continued cost of keeping at the levels unimpacted by 
OSHA capacity otherwise derated as a result of regulation 

the cost includes equipment, personnel, etc. but does not include 
the costs of temporary shutdowns 

expensed items 

these include consultant costs, management time, etc. 

out-of-pocket expenses of 0.033c/lb are not included in the cost 
summaries since these are considered to be one time only expenses. 

Summarized estimates of PVC industry cost impacts and timing to meet selected VCM 
concentration levels follow in Exhibits V-7 through V-12. 

Exhibit V-7 presents the case of the 50 ppm VCM ceiling 

Exhibit V-8 presents the case of the 25 to 40 ppm ceiling and 15 to 25 ppm TWA 

Exhibit V-9 presents the case of the 15 to 25 ppm ceiling and 10 to 15 ppm TWA 

Exhibits V-7, '.’-8, V-9 follow page V-7 


V 






EXHIBIT V-7 


US DOL/OS HA 


Snell assessment of VCM level potentially achieved ^ 

Toul plants m sample: 23 
Processes represented^)- S, E, B, SO 
Locaaon of plants in samplef 3 ) 5W, 13C 

Age of plants in sample: Range, Years 0-5 6 - 10 11 - 15 16 - 20 21 - 25 > 26 

No. of Plants 2 10 2 4 2 3 

Capacity of sample - millions lbs. per year (percent 1974 U.S. nameplate capacity): 3.75C (69ft) 

Percent industry claimed capacity from sample for which management will seriously consider plant shutdown at a 50 ppm VCM ceiling- oft 

Snell estimate of percent capacity from sample for which management will seriously consider plant shutdown at a 50 ppm VCM ceiling: Negligible 




Capiul 


Annual 



Direct Costs 

(5/1,000 Lb.) 


(S/1.000 Lb.) 

Percent of Toul Annual Cost 

I. 

Engineering Costs^ 

$1.69 


0. 93< 5 > 

IT?. 

II. 

Personal r quipment Costs^ 

0.16 


0. 23^ 

4 

HI. 

Monitoring 

0 . 7q(®) 


C 74(7.8,9) 

14 


Toul Direct Costs 

$2. 55 


$1.90 

35* 


Productivity Loss^°) 


56. 53 

53,48 

65* 


Toul Costs 


$9, 08 

$5.38 

100* 


Notes: (1) Snell estimate of VCM levels achieved in plants incorporating the level of control effort represented in the Exhibit. 

Monitoring data is detailed in Appendix B. 

(2) S = Suspension, E - Emulsion, Dispersion, B = Bulk, SO - Solution. 

(3) W - Sited in warm climate, C - Sited in cold climate (U.S. 26C, 10W). 

(4) Includes ventilation, loading, reactor cleaning, stripping and other (piping, general pumps, maintenance, etc.). 

(5) Includes capital amortized @ 12ft - 10 yrs. and O&M charges. 

(6) Includes breathing equipment and clothing. 

(7) Includes capital amortized @ 12ft - 5 yrs. and O&M charges. 

(8) Includes area and personal monitoring equipment. 

(9) Includes medical and recordkeeping costs. 

(10) Productivity loss is the industry average annual cost of additional capacity, personnel, etc. to maintain industry capacity levels unimpacted 
by OSHA regulations; an example is shown in Exhibit C-3. 

Source: Industry interviews and Snell estimates. 


ESTIMATED INDUSTRY COSTS OF ACHIEVING A 50 PPM TARGET VCM CEILING LEVEL 
IN PVC PLANTS AS CLAIMED BY INDUSTRY AND ASSESSED BY SNELL 
. Same as industry claimed. 
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EXHIBIT V-8 




USDOL/OSHA 

ESTIMATED INDUSTRY COST OF ACHIEVING A 25-40 PPM VCM TARGET 
CEILING AND 15-25 PPM TWA LEVEL IN PVC PLANTS AS CLAIMED 
BY INDUSTRY AND ASSESSED BY SNELL 
Snell assessment of VCM level potentially achieved^ 1 ) tame as industry claimed 
Total plants in sample? 17^) 

Processes represented^); S, E. B 
Location of piano In sample* 4 ); 5W , 12C 


Age of plants in sampler 

Range, Yean 

0 - 5 

6 - 10 

11 - 15 

16 - 20 

21 - 25 

>26 


No. of Wants 

2 

8 

1 

3 

2 

1 


Capacity in Sample - Millions lbs. per year (Percent 1974 U. S. nameplate capacity); 2,801 (527«) 

Percent Industry claimed capacity from sample for which management will seriously consider plant shutdown at a 
25-40 ppm celling and 15-25 ppm TWA VCM level; % 4 % of original 23 plant sample 

Capital Annual 

Direct Coso ($/1.000 lb.) (S/l, 000 lb.) Percent of Total Annual Cost 


L 

Engineering Costs^ 

*7.18 

* 2 . 19 ( 6 ) 

2 &% 


1L 

Personal Equipment Costs^ 

1.01 

0. 70<*> 

8 


DL 

Monitoring 

0.67 (9) 

0 7fi( 8 * (6) 

9 



Total Direct Cost 

*8. 86 

*3.65 

43 % 



Productivity Loss^ 1 ^ 

*9.38 

*4.87 


57 % 


Total Costs 

*18.24 

*8.52 


100 % 


Notej; fl) Snell estimate of VCM levels achievable in piano incorporating the level of control effort represented in the Exhibit. 

Monitoring data is detailed in Appendix B. 

(2) Four plants not in this cost simple did not report cost estimates for these conditions but provided an analysis for a lower target 

VCM level. Two plants not In this sample did not provide cost estimates for thU and lower levels; one reported being endangered 
the other had not completed an analysis. 6 ' 

(3) S - Suspension, E * Emulsion, Dispersion, B * Bulk, SO = Solution. 

(4) W = Sited in warm climate, C = Sired in cold climate (U. S. 26C, 10W). 

(5) Includes ventilation, loading, reactor cleaning, stripping and other (piping, general pumps, maintenance, etc.). 

(6) Includes capital amortized @ 12% - 10 yrs. and OAM charges. 

(7) Includes breathing equipment, clothing, showers, and eating facilities. 

C8) Includes capital amortized @ \ 2 % - 5 yrs. and OAM charges. 

(9) Includes area and penonal monitoring equipment. 

(10) Includes medical and recordkeeping costs. 

(11) ftoduedvity loss is the Industry average cost of additional capacity, personnel, etc. to maintain industry capaclry levels 

unlmpucted by OSHA regulations, excluding plants which reported inability to meet the standard. An example Is presented in Exhibit C-3. 
Source; industry Interviews and Snell estimates. 




EXHIBIT V-9 


-- 

Toul plants in sample: is”) ’ 

Processes represented^*); S. E, B 
location of plants in sampled 4W , 12C 


Age of plants in sample: Range. Years 


No. of Plants 


JL_I° ~ 15 16 - 20 21 ■ 25 


» i 

Capacity in sample - millions lbs. per year (percent 1974 n c 

*52SK5^SKR5—~ « =?— ~ &L. r 

*.6^ of Original 23 plant sample 


Direct Costs 
I. Engineering Costs^ 

II. Personal Equipment Cosu^) 
III. Monitoring 

Total Direct Costs 
Productivity Lotg(^) 


Total Costs 


Capital 
J/1^000 Lb.) 


Annual 
1/1,000 Lb. f 

$7.30 (6 > 


0. 95< 8 - 9 - 10 ) 


Percent of Total Annual Cost 


— r,) Mo* “C'uis^uued i; S' B "' ?UnB - level of control effort represented ( a the Exhibit. 

P) The four plants not included in Exhibit v-fi nmuM./i ^ , 

dus cos, sample -opened endangered staot, a, this level and Z’Z pm^e^t "** P l4nU “>«»« 

(?) S -- Suspension. E = Emulsion. Disperdon. B = Bulk. SO . Solution 
(4) * Sued in warm climate, C - Sited in cold climate 

m “>W—*”<W* .-.W mm. 

s ““ 

(9) Includes anea and personal monitoring equipment. 

GO) Includes medical and recordkeeping costs. 

So i„d ^ ai ‘ A ' C£uUCioIU - ™‘ °n diowTplants ttLtrearedVbTllreu m'eT* l ' £»?' ‘j ™ inU ‘ n iodusu y “P» c “y «•*•>. unimpacted 

Source: Industry interviews and SneU estimates. ‘ 7 * c cUlmcd Ievel . «hown in the Exhibit. An example 1 . presented in Exhibit 




At these levels (particularly at the high VCM target levels) 
engineering controls reported by industry principally addresses OSHA 
compliance but substantial air pollution control is judged to be an 
indirect benefit from "buttoning-up" of the plant, improved stripping, etc. 

Snell assessment in these Exhibits of VCM levels potentially achieved 
is based upon the exposure data in Section VE and Appendix B 

Exhibit V-10 provides cost analyses based on data provided by Firestone 
for an attempt to reach "no detectable" target VCM levels primarily using 
engineering controls 

Firestone was the only PVC producer reporting an analysis 
related to a "no detectable" VCM standard primarily using 
engineering controls 

Firestone concluded that meeting a "no detectable" standard 
primarily using engineering controls is not feasible 

The two Firestone plants were not included in the industry 
summaries for higher VCM target levels based on the findings 
from the statistical analysis presented in Exhibit C-4 in Appendix 
C for the 50 ppm ceiling target; this level Firestone cost 
estimates are inconsistently high with respect to those provided 
by therest of the industry, possibly because these estimates 
include costly environmental protection measures not directly 
related to OSHA compliance. 

Exhibit V-10 follows page V-8. 






EXHIBIT V-10 




USDOL/OSHA 


COST ANALYSES BASED ON DATA PROVIDED BY FIRESTONE FOR AN 
ATTEMPT TO REACH *NO DETECTABLE" TARGET VCM LEVELS 
USING ENGINEERING CONTROLS PRIMARILY 


Snell assessment of VCM level potentially achieved . This represents an analysis of an attempt to approach "no detectable" levels 
with actually achieving the level judged not feasible, based on engineering controls primarily. 

Total plants in sample: 2 (Pottstown, Pa. and Perryville, Md.) 

Process represented* 2 ); S and E 
Location of plants in sample* 3 ); 2C 


Age of plants in sample: 

Range, Years 0 

-5 6*10 

11 - 15 16 

- 20 21 - 25 

>26 


Plants: 



Perryville 


Pottstown 


Capacity of plant - millions lbs. 

per year (percent 1974 U. S. capacity); 

507 (9%* 





Capital 


Annual 

Two Plant Average 



Direct Costs 

Pottstown, Pa. Pcrryvllle, Md. 

(S/1.000 lb.) (S/1.000 lb.) 

Pottstown, Pa. Perryville. Md. 

($/1.000 1b.) ($/l, 000 1b.) 

Capital Annual 

($/l.000 1b.) ($/l. 000 1b.) 

L 

Engineering* 4 ) 

$142.56 

$55.94 

$53 . 60*5) 

$25.79*5) 

$88.40 $36.21 


n. 

Personal Equipment*®} 

8.19 

0.32 

1.88* 7) 

►-» 

OO 

3.27 1.84 


m. 

Monitoiing 

3.85*®} 

1.29*®} 

3.20* 7, ®’ ®) 

1.40* 7 . 8 .9) 

2.25 2.07 



Total Direct Costs 

$154,60 

$57.55 

$58.68 

$29. 00 

$93.92 $40.12 



Productivity Loss* 10 } 

$139.84 

$30.35 

$67.05 

$15.79 

$63.52 

$30.66 


Total Costs 

$294.44 

$87,90 

$125.73 

$44,79 

$157.44 

$70.78 


Notes; (1) Snell estimates of VCM levels achievable in plants incorporating the level of control effort represented in the Exhibit. 

(2) S = Suspension, E= Emulsion, Dispersion. 

(3) W = Sited in warm climate, C = Sited in cold climate. 

(4) Includes ventilation, loading, reactot cleaning, stripping and other (piping, general pumps, maintenance, etc.) 

(5) Includes capital amortized @ 12% - 10 yean and O&M charges. 

(6) Includes breathing equipment and clothing. 

(7) Includes capital amortized i§) 12% - S years and O&M charges. 

(8) Includes area and personal monitoring equipment. 

(9) Includes medical and recordkeeping costs. 

(10) Productivity loss is the Industry average annual cost of additional capacity, personnel, etc. to maintain industry capacity levels 
unlmpacted by OSHA regulations; an example is presented in Exhibit C-3. 

Firestone Case 1(0*1 ppm VCM level) presentation to June 1974 OSHA hearing and Snell estimates of costs of productivity loss. 


Source: 
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Exhibit V 11 presents the PVC industry claimed time requirements 
for compliance f following page V-9 

Exhibit V-12, following Exhibit V-ll, servos as a summary discussion of these findings 

INCREASINGLY STRICT VC M COMPLIANCE REQ UIREMENTS ARE EXPECTED TO RESULT IN 
SIGNIFICANTLY GREATER PRICE ESCALATIONS FOR PVC THAN FOR VCM 

• Price analysis did not include consideration of supply/demand changes 
due to potential plant shutdowns at lower levels. 

. The price analyses are relative to a standardized price pro forma unimpacted 
by OSHA compliance requirements and assess price sensitivity of OSHA 
compliance steps based substantially upon engineering contro’s. 

. Exhibit V-13, .following Exhibit V-12, presents the estimated impact of 
selected VCM standards on VCM prices. 

Exhibit V-14, following Exhibit V-13, presents the estimated impact of * 

selected VCM standards on PVC prices. 

. Exhibit V-15, following Exhibit V-14, presents estimated capital and annual 
costs for VCM target levels for the VCM industry. 

* / 

Exhibit V-16, following Exhibit V-15, presents estimated capital and annual 
costs for VCM target levt's for the VCM industry. 
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EXHIBIT V-ll 


Notes: 

Source: 


USDOL/OSHA 

U. S. INDUSTRY CLAIMED TIME TO REACH SELECTED VCM LEVELS 
IN PVC PLANTS THROUGH ENGINEERED CONTROLS^) 


End of Year 


1974 _ _ 1975 _ _1976_ _1977 1978 


VCM Target Levels 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Number 

Percent 

Claimed By Industry 

50 ppm ceiling 

of Plants 

23 

Capacity 

un 

of Plants 

Capacity 

of Plants 

Capacity 

of Plants 

Capacity 

of Plants 

Capacity 

25 - 40 ppm ceiling and 

15 - 25 ppm TWA 



1 

3$> 

7 

35$ 

12 

43$ 

1 


15 - 25 ppm ceiling and 

10 - 15 ppm TWA 

- 

- 

- 

- 

5 

24$ 

7 

27<1) 

4 

18$ 


Attempt to reach No detectable Not feasible based on engineering controls 


(1) Percent of sample 1974 capacity, 23 plants reporting with a total capacity of 3,750 million lbs. per year. 
Industry Interviews by Snell 






EXHIBIT V-12 


USDOL/OSHA 

SUMMARY OF PVC INDUSTRY COST IMPACTS, COMPLIANCE 
TIME AND CAPACITY ENDANGERED BY VCM TARGET LEVEL 


Industry Claimed 

Annual Unit Costs, d/Lb/ ^ _ Compliance Period Percent of Industry 


VCM Target Level 

Claimed by Industry 

Direct Costs 
of Compliance 

Costs To Made Up for 

Loss of Productivity 

Total Costs (2) 

Required for 
Engineered Controls 

"Endangered "( 3 ) 
Based on Sample 

50 ppm ceiling 

0.19 

0.35 

0. 54 + 20$ 

0 to 6 months 

Negligible^) 

25 - 40 ppm ceiling 
with 15 - 25 TWA 

0.3C 

0.49 

0.85 + 35$ 

2.5 years 

4$ 

15 - 25 ppm ceiling with 

10 - 15 TWA 

0.90 

0.70 

1.60 + 50$ 

2 .5 years 

26$ 

Attempt to reach "No detectable'^ 3 ) 4 . 01 

3.07 

7.08_+ 75$ 

2.5 to 4 years 

100 $ 


Notes; (1) Does not include additional VCM costs resulting from OSIIA standard. 

(2) The percentage ranges of total costs represent Snell's estimates based on partial statistical analysis of data. 

(3) Endangered = Management will seriously consider plant shutdown. 

(4) Temporary shutdowns for installation of controls were reported. In addition, one plant (not in sample) accelerated a planned shutdown 
by six months resulting in a loss of J5s50 million lbs. of PVC, 

(5) Economic data based on average data shown in Exhibit V-10 for the Firestone plants which were not included in the sample for die reason 
explained in the text. These figures represent the costs estimated for an attempt to reach a "no detectable" VCM level, but reaching this 
level is judged not feasible based on engineering controls. 

Source; Exhibits V-7 through V-ll. 








EXHIBIT V-13 
USDOL/OSHA 


fstimated vinyl chloride economics INff acted by 

SELECTED VCM LEVEL STANDARDS 
(1974 DOLLARS) 


Urumpacted 
by OSHA 


50 ppm 
Ceiling 
(d/Lb.) 


25 ppm 
Ceiling 
(d/Lb-il 


10 ppm Ceiling 


Extrapoliated Costs of 
Anempt To Reach a 


Item 11.58$ 

- 4.16 4 - 27 

il) 4.08$ 

Plant investment 6.31 

6.13 6 ' 11 

Cost of manufacture 

_ 0.30 0,3 

Selling, general and administrative ^ 0.30 0.30 

expenses 

, , 02 H08 

Pretax profit on total investment 1^00 kH 

^ 3.69. Hi* 

, , 7 . 41 tf —« — 

Net seUing price (FOB plant) 

, 19 „ consmcdoo wi* »»1 f-- ca P 1,al »' S2 °- 4 m0UO " 

■ESTS ? VCM ^.g Ttu Oo* no, 

soace; Bhlbtt IV-4 i« ““ SnCl1 “ 






EXHIBIT V"14 


USDOl/OSHA 


POLYVINYL CHLORIDE ECONOMICS lKf*ACTED BY 
SELECTED VCM LEVEL STANDARDS 
(1974 DOLLARS) 


item 

VC M Standard 
PVC Si-Jidud 


( Unimp acted 
( by 0!2>A 
( 


Drained PVC plant capacity 

(mUllofu lb*./year) 200 

PVC plant Ixivcatment (dollar! 
miUUMU^) 

PVC p.oducrlon ' million* Iba./ 
yea/ £ 90% utilization) 

Plir.t 1r.*ritm.en* pc.' unit of 
pioductlon (d/lb.) 

Coat ^fM-jnufarure 
VLnyi chloride monocne/ 4 ) 

Operating labor and «u?ervi»loo 0.4 

Capital recovery 12% ” 

10 yean) 

All other coata i catalyita, 
utUlrtea, maintenance, ck 

Total coat of manufacture 

Ptof itab airy 
ty»t of manufacture 

Selling general and 
admlnlattartve 

Pictas ptoflt i 1 • 2 

plant Inveatment) 


50 ppm 
CcUlflg. 
50 ppm 
Celling 


200 


SO ppm 
Celling — 
25-40 ;*pm 
Ceiling 
15-25 ppm 
TWA 


200 



10 pprn Celling 
2- 5 ;»pm TWA 


EauapoUted C.o»a 
To Attempt To Reach a “No 
Detectable* VCM LevelJ . 


2- 5 ;*rm i _t.---—-- —----- 

Was p?m CellliT r‘'“' onc Ar '* i >' 11 01 A, “T 

10-15 p?.«. TWA To teoch -No 3c«0“ bl * 

VCM Level** 


200 


200 


200 


200 


20 

21.6 

23.3 

23.3 

27.6 

27.6 

48.7 

ISO 

160 

160 

18CT 

18u T®° 

180 

n.i 

12.0 

12.9 

12.9 

15.3 

IS.3 

27.0 

8.54 

8.5# 

8.54 

8.64 

8.64 

8.74 

12.74 

0.4 







2.0 

r 

f 6.6 

i_ 

| 66 

| 7.5 

L 

, 7.S 

L 

, 13.0 

L 

) 111 



” 

16.14 

16.24 

25.76 

14.4 j 

143 

15.16 

is.24 



14. 44 

14.94 

IS. 14 

IS. 24 

16.14 

16.24 

2S.76 

l.S 

l.S 

1.5 

l.S 

1.5 

l.S 

l.S 





3.7 

3.7 

6.5 



3.1 

3.1 



2.7 

2.9 

21.34 

21.44 

33J| 

' JLS 

19.54 

19-74 

19. 84 




Net aelilng price (FOB plant) JjL 

= r ;„ ..*■ “.“ Str -"-"" 

(«) 'ZTSL*** con ^ 

- vcm »—■ -10 “* u v ' u ' 




EXHIBIT V-15 
USDOL/OSHA 

ESTIMATED CAPITAL ANT) 
ANNUAL COSTS FOR VCM 
TARGET LEVELS FOR THE 
VCM INDUSTRY AT 1974 
CAPACITY (1) 

(1974 DOLLARS) 


Industry Claimed 
VCM Target 

Snell Assessed 

VCM Target 

(41 

Capital Costs 
( S Millions) 



Annual Costs ^ 

(S Millions ) 


Level (2) 

Level (3) 

Direct Costs 

Productivity Loss 

Total 

Direct Costs 

Productivity Loss 

Total 

50 ppm ceiling 

<50 ppm ceiling 

S 5.2 

$ 1.1 

S 7.2 

$ 3.0 


$ 1.6 

S 4.6 


and 15 ppm TWA 








25 ppm ceiling 

25 ppm ceiling 

13.0 

1.2 

14.2 

6.3 


1.7 

8.0 


and 15 ppm TWA' 








10 ppm ceiling 

10 ppm ceiling 

26.7 

7.0 

33.7 

11.7 


9.8 

21. 5 

and 2-5 ppm TWA 

and 2-5 ppm TWA 








(1) 1974 capacity estimated at 6,695 million lbs. per year in Exhibit III-l 

(2) Compliance actions are based primarily on engineering control methods 

(3) Based upon the exposure data in Section VE and Appendix B 

(4) Estimates include costs of engineering controls, personal protective and monitoring equipment. Costs presented represent 
the estimated cumulative compliance costs for the VCM level shown in the Exhibit and were estimated by multiplying 
the costs presented in Exhibits V-2 through V-4 by the 1974 VCM industry capacity. 

(5) Includes capital costs amortized at 127o 


Source; Industry interviews and Snell estimates 





EXHIBIT V-16 
USDOL/CSHA 

ESTIMATED CAPITAL AND 
ANNUAL COSTS FORVCM 
TARGET LEVELS FOR THE PVC 
INDUSTRY AT 1974 CAPACITYf 1 ) 
(1974 DOLLARS) 


Industry Claimed and 
Snell Assessed VCM 
Target level ^ 


Capital Costs 
rS Millions) 



Annual Costs ^ 3 ’*) 
(S Millions) 


Direct Costs 

Productivity Loss 

Total 

Direct Costs 

Productivity Loss 

Total 

50 ppm ceiling 

$13.9 

$ 35.5 

$ 49.4 

$ 10.3 

$18.9 

$29.2 

25-40 ppm ceiling 
and 15-25 ppm TKA 

48.1 

51.0 

99.1 

19.8 

26.5 

46.3 

15-25 ppm ceiling 

151.0 

78.3 

229.0 

49.0 

38.2 

87.2 


and 10-15 pprr. TU'A 


(1) 1974 capacity estimated at 5,435 million lbs. per year from Exhibit III-4. 

(2) Compliance actions are based primarily on engineering control methods. 

(3) Estimates include costs of engineering controls, personal protective and monitoring equipment. Costs presented represent 
the estimated cumulative compliance costs for the VCM levels shown in the Exhibit and were estimated by multiplying 
the costs presented in Exhibits V-7 through V-9 by the 1974 PVC industry capacity. 

(4) Includes capital costs amortized at 12 /L. 

(5) If the PVC industry expended the capital funds represented by the Firestone analysis of attempting to reach the infeasible "no detectable" 
levels, total capital cos's are estimated to be of the order of $856 million based on Exhibit V-10 data. 


Source: Industry interviews and Snell estimates 
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next section discusses personal protective 
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EXHIBIT V- 17 (1) 
USDOL/OSHA 


SUMMARY OF THE DISTRIBUTION’ OF REPORTED 
ENGINEERING CONTROL METHODS ESTIMATED FOR 
SELECTED VCM LEVELS IN POLYVINYL CHLORIDE PLANTS 


Fnrincrrint’ Control Method 


VCM Unloading (1) 
Vcntitation (2) 


Reactor Cleaning (3) 


Stripping (-1-5) 


Other(6) 


Comments for 50 pptn Ceiling; 25-10 ppm Ceiling with 15-25 ppm TWA; 
and 15-25 ppm Ceiling with 10-15 ppm TWA _ 

. Modification to transport equipment may be completed by VCM supplier 

. Ventilation is used at all levels 

. Substantial costs are estimated to reach all target levels 

. Most plants have ventilation at the 50 ppm level 

. 5 of 19 plants install reactor cleaning equipment for the 50 ppm level 

. Most plants have reactor cleaning for the 26-40 ppm ceiling with 15-25 

ppm TWA target level 

Three plants report expenditure* > $3S0,000 at the 50 ppm ceiling level, 
probably for new systems 

. Seven plants report expenditures > $70,000 to reach a 25-40 ppm ceiling 

with 15-25 ppm TWA target level. These expenditures represent improvement 
to existing equipment. Three plants estimate expenditures >3350,000. 
probably for new systems. 

. At the 15-25 ppm ceiling with 10-15 ppm TWA 7 plants report expenditures ">$ 1 million, 

for RAD and new systems. 

Extensive modification to physical plant are estimated for all levels. 

At 15-25 ppm VCM ceiling with 10-15 ppm TWA expenditures of .>$400, 000 arc 
estimated for such items as emergency reactor pressure relief systems (to VCM 
recovery) and computerized control systems. 


Notes follow (Exhibit V-17 (2) 
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.0 

c-j 

■ N'otCS: 

( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

(C) 

Source: 


Fans, ducting, etc. 

Additions to unloading racks, modifications to VCM piping, 
unloading pumps and compressors. 

High and low pressure water systems and solvent cleaning systems. 

Tanks, pumps, piping, compressors and condensers. 

At the 50 ppm and 25 ppm ceiling levels stripping expenditures generally address 
improvements to present system to meet in plant requirements. The much larger 
expenditures ut the 15-23 ppm ceiling and 10-15 ppm TWA levels reflect an effort 
to also improve the residual free monomer levels in the product. 

Non specific pumps, compressors piping, seals, etc. 


Industry Interviews and Snell estimated from Exhibit C-5. 


EXHIBIT V-17 (2) 
USDOL/OSHA 
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VB. PERSONAL PROTECTIVE EQUIPMENT AVAILABILITY AND COSTS 


This section presents the estimated costs, the procurement lead times, and a summary of the available types 
of equipment as required by the proposed permanent standard. 

1 • TWO OF THE FOUR TYPES OP RESPIRATORS LISTED UNDER THE PROPOSED PERMANENT STANDARD 
(PPS) ARE READILY AVAILABLE FROM AT LEAST ONE EQUIPMENT MANUFACTURER 

Two of the types of OSIIA listed respirators are normally available 
from the manufacturer in approximately 60 days from the placement of 
the order. These types are: 

pressure demand full-facepiece self-contained breathing apparatus (PD) 

combination pressure demand full-facepiece respirator and pressure 
demand self-contained breathing apparatus (CPD) 

If sudden orders were placed for 500 to 700 of these units, a 60 day lead time 
is quoted by one supplier but another indicated up to 40 weeks. 

. The two other types of breathing apparatus listed in the PPS are not currently produced. 
Interviews with manufacturers indicate that these devices are considered wasteful of 
compressed air. These types are: 

positive pressure full-facepiece self-contained breathing apparatus 

combination continuous flow respirators and a pressure demand self-contained 
breathing apparatus. 

2. THE REQUIRED TYPE S OF RESPIRATORS PURCHASED UNDER THE 50 PPM TEMPORARY STANDARD 
MAY BE USED UNDER LOW VCM CEILING CONCENTRATIONS 

The purchase costs for types PD and CPD from exhibit D-8 are $515 and $615, respectively. 
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• ThG operating and maintanance costs from Exhibit D-10 range between $500 to $1,000 
Idj P er mar: P er year, with an average of data estimated at $900. 

For example, the cost of grade D or better breathable air is $15 per 310 SCF cylinder. 
With an air flow of 4 CFM, this amounts to a cost of $0.20/minute. 


3 • I NDUSTRY AND T HE E M PLOY EES PREFER HALF-MASK AIR LINES.CANISTER OR CARTRIDGE TYPE 
RESPIRATORS OVER THOSE REQUIRED BY OS HA IN THE PPS 


Industry and worker preferences and human factors are detailed in 
Exhibits D-l through D-4. 

Sell-contained devices are heavy, bulky, and require highly trained individuals. 

Air line respirators are much lighter than self-contained, but they require a long 
hose for the air supply and a complicated air distribution system. 

Cartridge and canister types are the lightest and least expensive of the three, 
but lifetime has not yet been fully established for atmospheres containing VCM . 

Users of cartridge or canister type masks have no way of knowing when their air 
purifier is no longer effective. 

Half-face mask types are more comfortable to wear than those with full-facepieces, 
however, they do not provide complete facial protection. 


4. THE NUMBER OF COVERED WORKERS NEEDING RESPIRA TORY PROTECTION INCREASES WITH A 
DECREASE IN PERMISSIBLE VCM CONCENTRATION LEVELS OR REQUIRE HIGHER RESPIRATORY 
WEARING TIMES 

The following table summarizes case studies of the percentage of workers needing respiratory pro¬ 
tection as a function of VCM permissible levels, climate of plant location, and plant type (VCM or PVC). 
More data appears in Exhibit D-ll of Appendix. 
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Plant Type 
VCM 


PVC 


Climate of 

Ceiling VCM 

Percent Of 
Workers Needing 

Plant Location 

Level (ppm) 

Respiratory Protection 

Warm 

50 

15*70 


25 

15 


10 

30 


10 

14 


1 

100 

Warm 

50 

75 


25 

100 

• 

10 ppm TWA 

100 


+25 ppm ceiling 

1 

NA 

Cold 

50 

100 


25 

100 


1 

100 


Percent Of 

• , 

Time Respiratory 
Protection Needed 

Comments 

50*7o 

With Engineering Controls 

50 

With Engineering Controls 

75 

Without Engineering Controls 

50 

With Engineering Controls 

100 

With Engineering Controls 

1 

With Engineering Controls 

3 

With Engineering Controls 

25 

With Engineering Controls 

NA 

With Engineering Controls 

10 

Without Engineering Controls 

25 

‘ Without Engineering Controls 

100 

Without Engineering Controls 


Source: Exhibit D-ll and Sr.ell Assessment 


5. MOST OF THE TYPES OF P ROTECTIVE CLOTHING ARE AVAILABLE WITHIN FOUR WEEKS FROM ORDER 
PLACEMENT 


Disposable clothing, hoods, shoe covers, gloves and overalls are available within 
one week from the manufacturers including one piece pressurized suits, as shown 
in Exhibit D-9. 

Permanent (reusable) work clothing is also available within one month of order. 

Full impervious pressurized suits however, have a procurement lead time cf at 
least two months. 
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^- QS .T S . F0 A PRQTECT1VE CI ‘ QTHIJs : g VARY WITH TYPE, W ITH A LOW OF $3.50 FOR DISPOSABLE 
CLOTHING TO A HIG H OF $178 FOR A PERMANENT. IMPERVIOUS-FULL PRESSURIZED S UIT 

A full suit ol disposable clothing including coveralls, hoods, shoe covering, and 
gloves costs approximately $3.50. 

Permanent work clothing costs in the neighborhood of $40.00 per worker for a 
full suit of clothing including coveralls, gloves and boots. 

A permanent impervious full pressurized work suit which can be worn with an 
air mask costs $178. Industry believes that routine use of these is not feasible 
on grounds of human factors, indicated in Exhibit D-5 and concluded from the 
Snell industry interviews. 

The cost of cleaning a suit of permanent work clothes is in the range of $1.00 
to $1.50 per suit, per worker, per day. 


The next section deals with monitoring equipment. 
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This section summarizes the available types of VCM monitoring equipment, their costs, and procurement 
lead times needed to determine worker VCM exposure under the provisions of the proposed permanent standard. 


1 • THE THREE MA I OR CL ASSES OF VCM MONITORING DEVICES: PERSONAL. AREA, AND LEAK, ARE ALL 
AVAILABLE TO THE VCM AND PVC PRODUCING INDUSTRIES 


Personal monitoring, which is the technique recommended to OSKA by NIOSH 
(see Exhibit E-3) , is available to industry from the manufacturer within two 
months from'time of order. The gas chromatograph needed for the analysis 
of their samples can be received from the manufacturer in two to three months 
time. 

Area monitoring systems of the automatic sequential or continuous type can be 
obtained for installation within six months from time of order. Installation 
could take upwards of two months. 

Manual area monitoring systems comprising a gas chromatograph with a flame 
ionization detector (FID) and Mylar or Tedlar bags for sample collection can 
be obtained from the manufacturer within three months. These devices require 
little or no set-up time. 

Leak detection devices such as portable gas chromatographs or infrared spectro¬ 
photometers can be received from suppliers within two months. 

If demand for these devices suddently increase, it is Snell's judgment that procurement lead 
times could double, especially for the more sophisticated types of equipment such as the 
area monitoring systems. 








2 . 




THE COSTS OF MONITORING EQUIPMENT RANGE WIDELY DEPENDING ON TYPE, HOWEVER, MOST 
EQUIPMENT PURCHASED UNDER THE TEMPORARY 50 PPM STANDARD MAY BE USED AT LEVELS 
DOWN TO AND BELOW ONE PPM VCM 

Personnel monitoring equipment vary in cost from $300 for automated charcoal 
tube/pump system to $70 for colorimetric tube devices. For the automated 
system, a back-up gas chromatograph is required at a cost upwards of $7,000 
including basic chromatograph, columns, recorder, and mechanical integrator 
as shown in Appendix Exhibit D-5. 

\rea monitoring systems of the sequential gas chromatograph type cost in the 
neighborhood of $12,000 per 10 point instrument system without installation. 

Those operating under the FID total hydrocarbon principle can be purchased 
for $8,000, again without installation charges. 

. Leak detection equipment, which are either of the portable gas chromatograph, 
total hydrocarbon FID, and infrared types cost from $3,000 to $5,000. No 
installation is required for these devices. 


3. EXPENDITURES FOR MONITORING EQUIPMENT FOR A TYPICAL VCM OR PVC PLANT AVERAGE 
$100,000 IN CAPITAL WITH ANNUAL OPERATING EXPENSES OF $80,000 


Personal monitoring equipment of the colorimetric types do not require a chemist 
for back-up due to their instantaneous reading capability. The charcoal h.be types, 
however, require a trained chemical technologist for analysis of samples due to the 
necessity of using a gas chromatograph. At least one chemist per plant is needed at 
an annual cost of $15,000 to $20,000. Overhead, general and administrative and 
chemical costs in support of the chemist could approximately double his annual cost. 









The cost of installation for automated sequential or continuous area monitoring systems 
is approximately $15,000 per 10 point unit with operating and maintenance costs of 
about $30,000 per year with an operator. A mini-computer can be interfaced with the 
system for alarming and recordkeeping for an additional $10,000 to $15,000 and OSM 
costs of $4,000 per year. 

Leak detection devices- in the area of $2,000 to $3,000 for 06M including a 
part-time operator for instrument. 


THE INDUSTRY AS A WHOLE SHOWS NO PREFERENCE FOR P ARTICULAR TYPES OF MONITORING 
EQUIPMENT. ALTHOUGH THE CONCEPT OF AREA MONITORING APPEARS WELL ACCEPTE D 

The VCM and PVC producing industries employ a variety of different types of 
monitoring equipment in each classification. 


In personal monitoring, both the colorimetric and charcoal tube system are 
employed. However, the charcoal tube type are sensitive to lower VCM con¬ 
centrations than colorimetric devices. 

For area monitoring, both gas chromatographs (GC) and total hydrocarbon 
analyzers and combustion conductivity detectors are used. 

gas chromatographs provide concentration values which are specific 
for vinyl chloride monomer 

total hydrocarbon analyzers, as their name suggests, are not specific 
for VCM but give the total hydrocarbon concentration in the sample air. 

combustion conductivity detectors have also shown great utility in VCM 
detection at low concentration levels. 
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AUTOMATIC SEQUENTIAL MONITORING SYSTEMS'(ASMS) CAN SER VE AS A LONG TERM DATA 
COLLECTION SYSTEM FOR AN ENTIRE PLANT 

The ASMS can analyze an air sample from a particular point in the plant in 1 to 
3 minutes with potential for at least 10 point monitoring. 

A system installed in the polymerization building can provide warning to work 
personnel in that area if VCM levels have gone above ceiling levels. 

Personal monitoring data can provide the statisitical basis for locating sampling 
points for tlie ASMS . 

TWAs can be determined by the personnel monitors for critical areas 

these values can provide a calibration for the ASMS and determine the 
points within an area where the greatest VCM exposures are most likely 
to occur. 

The ASMS can be used to provide correlation with personnel rnoni* v 'ing data of 
actual worker exposure. In addition, it can be used to provide a rmanent record 
of VCM levels, provide alarms in case of exceeding ceiling values, serve as a 
means to initially identify the general sources of VCM releases, and to monitor 
progress in complying with OSHA requirements. 

THE AUTOMATIC SEQUENTIAL MONITORI NG SYSTEM CAN PROTECT WORKERS AND ALERT 
MAINTENANCE PERSONNEL WHEN EXCESSIVE VCM CONCENTRATIONS OCCUR 

. VCM emissions can occur from two sources: 

slowly developing minor continuous leakage, such as a worn pump seal 
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serious leakage, such as resulting from an operating error (e.g. valve 

left fully or partially open) or a serious sudden leak (e.g. blown gasket 
sight glass breakage, etc.) K wn gasket. 

peop7e h . CaS ° 8, ‘ he SyS ' em CQ " pr ° Ve UsefuI in aI =™mg the potentially affected 

n n ea‘re e st a the^a a k min n r ,rak , h0 "' ever ’ localised effects) the sample point 

“ , cak "‘ll register the localized concentration and alarm on the next 
mpling indicating localized concentration above the limit. 

Response to either type of alarm can be standardized. These steps could include 
donning of personal protective equipment, investigation ising eak “etectorf 
isolating the point of VCM release and corrective maintenance 


The next section deals with medical surveillance costs. 
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\D. MEDICAL SURVEILLANCE COSTS 


This section presents the annual costs to industry for medical surveillance essentially based on th6 
NIOSH recommendations to OSHA . 


1. THE AVERAGE TIME REQUIRED PER EMPLOYEE FOR THE REQUIRED MEDICAL EXAMINATION 
IS FOUR HOURS WHEN PERFORMED OUTSIDE THE PLANT 

From the information presented in the Appendix Exhibit F-2, the time allowance per employee is 
itemized as follows: 

. Travel to and from examination facility — 2.5 hours 
Examination and laboratory tests - 1.5 hours 
Maximum time required - 4 hours or 1/2 working day 

2. THE SNELL ESTIMATE FOR TOTAL EXAMINATION COST PER EMPLOYEE IS $160 


The cost estimate developed by Snell is based primarily on the 
tests and examination procedures recommended to OSHA by NIOSH 
as detailed in Exhibit F-3. 

The costs were estimated for examination and tests completed out¬ 
side the plant for a manufacturing facility with 500 covered workers. 
The total cost for such a plant would be approximately $82,000/year. 







3. INDUSTRY ESTIMATES OF THEIR PRESENT MEDICAL SURVEILLANCE COSTS AVERA GE 

$140 PER WORKER PER YEAR 

It was assumed by Snell that the examinations performed by the reporting plants were based on 
the NIOSH recommendations to OSHA. 
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VE ' Ylj^ XL CHLORIDE EXPOSURE DATA 

s, a nda™;„dr P ;L r r,: n sn^4 n i^; f riss? d ? h ta , ken under ,he *“««<» *-*><«* 

tose.er with the summary of proU.e t^ZnZrZT^C ^ 

The following points describe the data limitations: 

' no, m c!eaHv al idT„ S , if ? r rt moni,orln 8 ° r S P°‘ sampling within the plants are 
job classtficatas ' ^ da ' a Bl ' 0Wed 8eneral locution with 

The measuring techniques employed for the OSHA data were 10 minute Sinpin 

£rj"$T ,Ub ° SamP ‘° S W “ h 3 t0tal ambient air volume collection of 1 Hter. 

. ry 33 wore coIlec ted by organic vapor analysers (OVA), bag samples 
rcoal tube pumps, or area monitoring. Some of the data levels represent ’ 
averages of individual samples gathered at random time intervals. 

In general Snell did not receive raw data from industry, but rather the 
averages of individual data points without data point statistics (i e No of 
individual data points, mean, standard deviation, etc.). The OSHA data’ 
submitted to Snell are in terms of individual data points, but these a not 
related to job classifications or unit operations. 

In both the industry and OSHA cases, the data population is small. 







3 . The data base is judged inadequate to quantitatively differentiate suspension 

polymerization from emulsion polymerization which are the main processes of 
the PVC industry. 

. Snell arranged the available data in two major categories 

VCM Plants 
PVC Plants 

The available data were averaged and then correlated to the various job 
classifications. The data presented average levels of VCM for individual 
plants which were then used to develop an industry-wide profile of average 
VCM concentrations. 

2. IN PVC PLANTS THE HIGHEST EXPOSURE OCCURS IN JOB CLASSIFICATIONS DIRECTLY INVOLVED 
IN THE MANUFACTURE OF PVC; WITH VCM LEVELS AVERAGING APPROXIMATELY 15 PPM ACCORD- 
INC- TO DATA SUBMITTED TO SNELL BY INDUSTRY 


The following table summarizes the average VCM levels by job classification as presented in 
Exhibit B-22 in Appendix B. 
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I. Production 

VCM Unloading 
VCM Unloaders 

PVC Processing 
Supervisors 

Senior Reactor Operators 
Reactor Operators 
Chargers 

Stripper Operators 
Centrifuge Operators 
Dryer Operators 
Utility Men (Cleaners, 
Laborers, etc.) 

Baggers 
Warehouse 
Overall Production 

II. Maintenance 

III. Laboratory 

Professionals 
Technicians 
Overall Laboratory 

IV .t> Management 6 Support 


Averaf 


16 


10 

9 

17 

19 

35 

NA 

13 

25 

7 

9 

16 

24 


NA 

63 

42 

< 1 


Source: Exhibit B-22 
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ANALYSIS OF THE MONITORING DATA SUB MITTED TO SNELL BY THE PVC PRODUCING INDUSTRY 
INDICATES THAT 92% OF AVERAGE MEASUREMENTS HAD VALUES OF 50 PPM VCM OR LESS 


As summarized in Exhibit B-23 

3% of averages had values of 1 ppm or less 
22% of averages had values of 5 ppm or less 
58% of averages had values of 10 ppm or less 
67% of averages had values of 15 ppm or less 
75% of averages had values of 20 ppm or less 
80% of averages had values of 25 ppm or less 
83%* of averages had values .of 30 ppm or less 
84% of averages had values of 40 ppm or less 
92% of averages Lad values of 50 ppm or less 

ANALYSIS OF THE MONITORING DATA TAKEN B Y OSHA AT PVC PLANTS AND CON FIDENTIALLY 

SUBMITTED TO SNELL INDI CATES THAT 93% OF ALL SPOT SAMPLES HAD VALUE S OF 50 PPM:. 

WITH VCM LEVELS AVERAGING APPROXIMATELY 14 PPM 

As summarized in Exhibit B-24 

3% of samples had values of 1 ppm or less 
46% of samples had values of 5 ppm or less 
56% of samples had values of 10 ppm or less 
64% of samples had values of 15 ppm or less 
72% of samples had values of 20 ppm or less 
76% of samples had values of 25 ppm or less 
79% of samples had values of 30 ppm or less 
86% of samples had values of 35 ppm or less 
90% of samples had values of 45 ppm or less 
93% of samples had values of 50 ppm or less 


s 
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Overall, agreement exists between the OSHA data and those submitted by industry to Snell. 
However, the OSHA data contains approximately twice as many more values, on a percentage basis, in 
the range cf 5 ppm or less. The OSHA data do not specify the unit operations or job classifications 
associated with each reading. 

5. ANALYSIS OF THE MONITORING DATA TAKEN BY OSHA AT VCM PLANTS AND CONFIDENTIALLY 
SUBMITTED TO SNELL INDICATES THAT 96% OF ALL SPOT SAMPLES HAD VALUES OF 35 PFM 
OR LESS; WITH VCM LEVELS AVERAGING APPROXIMATELY 0 PPM 

From Appendix B-108 

15%'of samples had values of 1 ppm or less 
62 ? u of samples had values of 5 ppm or less 

77% of samples had values of 10 ppm or less 

84% of samples had values of 15 pprn or less . 

80% of samples had values of 20 ppm or less 

94% of samples had values of 25 ppm or less 

9G% of samples had values of 35 ppm or less 

6. INDUSTRY AND OSHA DATA INDICATE THAT AV ERAGE VCM CONCENTRATIONS IN PVC PLANTS 
ARE LESS THAN 50 PPM FOR THE FOUR BROAD JOB CLASSIFICATIONS 

The following table summarizes PVC industry-wide VCM average exposure levels as a function of 
broad job classifications in relation to industry employment in each worker category. 
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Broad Job Classification 


Approximate 1974 
Number of Workers 


Average of 

Percent of Total Concentration 


Production ^ 

3,030 

Maintenance 

1,350 

Laboratory 

390 

Management and Support 

805 

Total 

5,575 


55% 

24 

7 

14 


16 

24 

42 

1 


100 % 



Notes: (1) 

( 2 ) 

(3) 

(4) 


Includes line supervisors, such as foremen 
Includes plant managers, engineering staff, clerical, etc. 
Personnel associated with compounding and fabrication in 
Average VCM concentration for all job classifications 


integrated facilities are not includcc 


Sources: Exhibit III-10, B-22, and Snell assessment of data. 


mm.STR Y AND OSHA DATA INDICATE THAT AVERAGE VCM CONCENTRATIONS IN VCM PLANTS 
ARE LESS 1 iIAN 10 PPM FOR T HE FOUR BROAD JOB CLASSIFICA TIONS 

The following table summarizes VCM industry-wide average VCM exposure levels as a function of 
broad job classifications in relation to industry employment in each worker category. 
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Broad Job Classification 

Approximate 1974 
Number of Workers 

Percent of Total 

Average VCM 
Concentration 

f 1 \ 

Production 1 

410 

44% 

4 

Maintenance 

250 

27 

2 

Laboratory 

60 

6 

4 

Management and Support 

220 

23 

1 

Total 

940 

100% 

3 O) 

. 

— 


— 


Notes: (1) 

( 2 ) 
(3) 


Includes line supervisors, such as foremen 

Includes plant managers, engineering staff, clerical, etc. 

Average VCM concentration for all job classifications 


* 


Sources: Exhibits III-3, B-107, and Snell assessment of data. 


* * * 

Based on the assessment of the limited data supplied to Snell be industry and OSHA, it appears that 
average VCM concentrations for the four broad job classifications in both the VCM and PVC producing industry 
are below 50 ppm. Furthermore, the average VCM concentration in vinyl chloride plants is in the range of 
3 to 8 ppm while for PVC plants the average concentration is approximately 15 ppm. 

The next chapter provides conclusions and recommendations. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 
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VI - CONCLUSIONS AND RECOMMENDATIONS 


This chapter addresses the conclusions and recommendations of the report based on the findings and 
economic analysis of the previous section. . 

1 ‘ u _ i n CCTABLE" LEVELS OF VCM PRINCIPALLY THROUGH ENGINEERING MEANS 

IS__JUDGED NOT I-EAS1BLE WITH PRESENT TECHNO LOGY BOTH IN THE VCM AND PVC SECTORS 

Based on the industry surveys and Snell's independent assessments of the state-of-the-art 
of the technology, it is concluded that achieving "no detectable" (0-1 ppm) VCM levels 

in the VCM industry is not feasible principally through engineering means. Reasons include 
the following: 

technology, including state-of-the-art developments, is not available to 
eliminate VCM leaks and fugitive losses 

existing plants have not been designed for total VCM containment 

there is no design or operating experience in the industry aimed at 
maintaining very low VCM levels 

no direct technology transfer opportunities are known to enable 
development of designs for "no detectable" levels in new plants. 

Based on the industry surveys and Snell's independent assessments of the state-of-the-art 
of the technology, it is concluded that achieving "no detectable" ( 0- l ppm) VCM levels 
in the PVC industry is not feasible principally through engineering means. Reasons include 
the following: 

PVC manufacture is a batch operation 

Technology, including state-of-the-art developments is not available to eliminate 
VCM leaks and fugitive losses 


l. 
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existing plants have not been designed for total VCM containment 


there is no design or operating experience in the industry aimed at 
maintaining very low VCM levels 

no direct technology transfer opportunities are known to enable 
development of designs for "no detectable" levels in new plants. 

Up fo four years of development is estimated to reduce residual VCM levels below 
ICQ ppm i:i I'VC products on the basis of output volume. 


The technology including state of-the-art developments is not available to reach 
very low or "no detectable" residual VCM levels on the basis of output volume. 


Lil*-- >OhTS Or CO MPLIANCE INCREASE RAPI DLY V/ITI1 DE CREASING VCM TARGET LEVELS AND 
SIGNIFIC A NT ENClPEERING UNCERTAINTY OR I N FEA S AIIILITY BEYOXeTIo PPM~ 

Q A ‘^' D 2-5 PPM TWA FOR THE VCM INDUS TRY AND 15 25 PPM CEILING AND 10 - 15 TV.'A 

FOR THE PVC INDUSTRY -- 


i he analysis which follows indicates the cost sensitivity of attempting to reach very 
low VCM levels in the VCM industry. 
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VCM Target 
Level (ppm) 


Standard 

Trice 


(d/lb.) 


Price Percent of VCM Industry 
Index Capacity Endangered 


Time To Reach , 
Level Via Engineering 
Controls (years) 


Historical Practice 


7.41 1.00 


Not Applicable 


Not Applicable 


50 ceiling 


7.47 1.01 


Oft 


0.5 


25 ceiling 

7.59 

1.02 

10 ceiling and 

7.69 

1.04 

2-5 TWA 



Extrapolated Aucmpt 



to Reach "Nr Detectable" 



Levels 

12.71 

1.72 


0% 

' 

2.5 

0% 


3.0 


lOOTd @ 

Not Estimated 

No Detectable" 


Levels 



Source: Exhibits V-15 and V-13 


1 he table indicates the rapid rise in costs associated with 
'no detectable" levels beyond the 10 ppm ceiling and 2-5 ppm 


attempting to reach the technologically infeasible 
TWA target level. 


Exhibit VI-1, on the following pagc£presents a similar discussion for the PVC industry. 
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ECONOMIC IMPACT CRITERIA 
PLANTS LIKELY TO 3E MOST "ENDANGERED"* 2 * 


Highest compliance costs 
Plant located in cold climate 
Old plant 
Small plant 
Small reactors 

Copolymer, emulsion or latex resin production 
(High free monomer) 

Small company 
Merchant sales 
Slackening demand 


PLANTS LIKELY TO 3E LEAST "ENDANGERED 


..( 2 ) 


Lowest compliance costs 
Plant located in warm climate 
Modern plant with automation 
Large reactors 

Dulk or suspension resin production 

Large company 

Large plant 

Captive use of PVC 

Highly disciplined plant personnel 


Tii 1 i« inciuM c»n»so» *»f*vo**i *aoiici*vi «MOMn>ioii>K.iuuiAti*it as win *w.oos 
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For the VCM industry, the engineering control steps for OSIIA compliance are significantly 
the same as those potentially used for air pollution control. Therefore, appreciable air 
pollution control costs are automatically accounted for by OSHA compliance. 

For the PVC industry, engineering control steps from the 50 ppm VCM ceiling level 
to the 15 - 25 ppm ceiling with 10 - 15 ppm TWA primarily address OSHA compliance, 
but significant air pollution control benefits are gained, especially at lower levels. 

AREA MO HITCHING, PAR T ICULARLY IN PVC PLANTS IS RECOMMENDED TO OSHA AS A COMPLIANCE 
REQUIREMENT REGA R DLESS OF THE TARGET LEVEL SELECTED BY OSHA 

Automatic Sequential Monitoring Systems (ASMS) can serve as a long term data collection 
system for an,entire plant. 

The ASMS can analyze an air sample from a particular point in the plant 
in 1 to 3 minutes with potential for at least 10 point monitoring. 

The ASMS can be used to provide correlation with personnel monitoring 
data of actual worker exposure. In addition, it can be used to provide a 
permanent record of VCM levels, provide alarms in case of exceeding ceiling 
values, serve as a means to initially identify the general sources of VCM 
releases, and to monitor progress in complying with OSHA requirements. 

A system installed in the polymerization building can provide warning to 
work personnel in that area if VCM levels have gone above ceiling levels. 

Response to alarm can be standardized. These steps cculd include donning 
of personal protective equipment, investigation using leak detectors, isolating 
the point of VCM release and corrective maintenance. 
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IT IS RECOMMENDED THAT PSHA ESTABLISH PHASED REQUIREMENTS FOR REACHING VCM 
TARGET LEVELS TO ALLOW THE COLLECTION OF ADDITIONAL VCM MONITORING DATA 
TO FULLY ASSESS THE EFFICIENCY OF THE CORRECTIVE STEPS. SUBJECT TO REVIEW 
IN LIGHT OF CURRENT MEDICAL FINDINGS. AND AS THEY BECOME AVAILABLE 

. The currently available data base particularly for VCM monitoring, is relatively 
small. In addition, the technology required for compliance with the lower VCM 
levels is not yet proven. Consequently, considerable risks exist as to the 
efficacy of engineering controls even for levels other than "no detectable", 
which is not technologically feasible. • 

. A phased compliance plan would allow for the assessment of the efficiency of 

corrective steps already taken by industry. In any event, significant lead times 
exist for hardware required for engineering controls. 

The phased compliance plan should be reviewed in light of current and emerging 
medical findings. 

. A possible result of a phased compliance plan would be to spread the costs of 
compliance over periods of time. This may be desirable considering that the 
VCM and PVC price impacts may be of the same order of magnitude as the price 
results of the "energy crisis". 

. Developmental efforts should be encouraged to improve techniques in personal 
protective devices, monitoring systems, and residual monomer reductions. 

***** 

The Appendices supporting the report follow in a separate volume. ' 
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l-J APPENDIX A 

DETAILED PROCESS DESCRIPTIONS AND PROCEDURES 


This Appendix presents design details, discussion of critical technological aspects and operating 
procedures regarding polyvinyl chloride (PVC) manufacture. A list of exhibits follows: 

. Exhibit A-l presents the receiving, storing and distributing of vinyl chloride 
monomer (VCM) as it reaches the Union Carbide Corporation. Monitoring for 
the vinyl chloride concentration is noted. The unloading mechanism along with 
the storage parameters are also noted in this exhibit. The special features that 
are provided to minimize personnel exposure is summarized herein. 

. Exhibit A-2 presents a flow diagram of tank car unloading. This schematic is of 
advanced practice using spot ventilation. 

Exhibit A-3 deals with reactor design showing a technological overview by Snell. 

. Exhibit A-4 provides a comparison of Conoco's large reactor PVC technology with 
historical reactor technology. 

. Exhibit A-5 presents a detailed diagram of an older polymerizer design. 

Exhibit A-6 presents a Pfaudler Glasteel Polymerizer, a modern polymerizer design. 
Exhibit A-7 is a broad discussion of monomer stripping technology. 

. Exhibit A-8 is a typical schematic for polyvinyl chloride operator movements and 
plant layout. 

. Exhibit A-9 presents a flow diagram for the PVC emulsion process. 
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EXHIBIT A-l(l) 




USDOL/OSHA 

RECEIVING, STORING AND DISTRIBUTING 
VINYL CHLORIDE MONOMER-AFTER UNION CARBIDE 


1. DESC RIPTION 

Union Carbide Corporation receives vinyl chloride at South Charleston, West Virginia in 48, 000- 
gallon tank cars shipped from Freeport, Texas. Due to the size of the car only five tank cars are unloaded 
per week in an open area used for unloading various chemical tank cars. Monitoring this operation on 
three consecutive car unloadings yielded the following results: 


Date 

Operation 

Time Required 
minutes 

Sample Time 
minutes 

Concentration 

ppm 

June 28. 1974 

Hookup Car 

20 

20 

4 


Disconnect Car 

15 

15 

15 

July 2, 1974 

Hookup Car 

19 

19 

6 


Disconnect Car 

8 

8 

< 1 

July 3, 1974 

Hookup Car 

22 

22 

. 

8 


Disconnect Car 

5 

5 

< i 

































EXHIBIT A-l(2) 
USDOL/CSHA 
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Vinyl chloride monomer is received by railroad tank car in^o a storage area located outside the 
boundaries of the plant proper. It is unloaded into a refrigerated sphere from which : t is pumped to the 
consuming units. 

Unloading is accomplished by equalizing the pressures in the tank car and the storage sphere and 
then applying vaporized vinyl chloride to the vapor space in the tank car. This provides positive suction 
pressure on the pump which transfers vinyl chloride to the storage sphere. After all the liquid has been 
removed from the tank car, a compressor pumps vinyl chloride vapors from the car to a condenser and 
the condensed liquid is then pumped to the sphere. The vapor pressure in the car is reduced to 5 psig, 
and the car is then returned to the vinyl chloride supplier for refilling. 

The vinyl chloride in the sphere is maintained under its own vapor pressure (maximum of 29 psig) 
at a maximum ! -jmperature of 15° C by the use of refrigeration, with vinyl chloride serving as the 


refrigerant. 





LK> 


EXHIBIT A-1(3) 
USDOL/CSHA 


Transfer pumps and piping transfer vinyl chloride to the conf 


suming units as required. 


2 - S PECIAL FEATURES PROVIDED TO MINIMIZE 
EXPOSURE OF PERSONNEL 


General 

(1) I he receiving and storage area is remote from the consuming units. 

(2) A high degree of automation is employed, so that there is little need for operators to be near the 
tank car or the sphere while unloading proceeds. 

(3) Nitrogen is not employed as a pressurizing medium, so there is very little venting to rid the 
system of inert gas during unloading or loading by the supplier. 

(4) Safety valve discharges and other vent streams ai - piped to a remote, elevated loaction for discharge. 

(o) All pumps handling vinyl chloride are provided with mechanical seals to minimize leakage. 

(6) Vent and drain valves not required for normal operation are maintained in closed position and plug¬ 
ged with pipe plugs. r 6 





EXHIBIT A-1(4) 
USDOL/OSHA 


Tank Cars 

(7) The tank cars are provided with dip tubes for top discharge only. The dip tubes are provided with 
excess-flow check valves; if the flow exceeds a pre-established value, the valve automatically 
closes. 

(8) The tank cars are provided with a tape liquid-level device, which eliminates the heed for venting 
vinyl chloride in determining the liquid level in the car. 

Sphe re 

(9) The sphere is located in a seperately diked area, v .h sufficient capacity to contain the entire 
contents of the sphere. 

(10) Lines leading into the sphere are provided with check valves, and discharge lines from the sphere 
are provided with excess-flow check valves. 

(11) The sphere and associated piping is insulated for 15°C maximum temperature; the insulation is 
such that it will not decompose if subjected to fire. 

(12) The sphere it provided with water spray protection. 

(13) The sphere is equipped with a refrigerated vent condenser (-20°C) through which inert gases are 
vented to the atmosphere. 
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